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I. INTRODUCTION 


1. During the years 1906 and 1907, the Engineering Experi- 
ment Station conducted a series of steam boiler trials as part of 
an investigation of the fuel value of certain Illinois coals. The 
results of these tests and a discussion of their significance will be 
found in the following pages. The data apply specifically to a 
Heine 210 horse-power water-tube boiler, set singly, and served 
with a 54-in. Green traveling link grate operated under induced 
draft pressure. A description of this plant will be found in Appen- 
dix: 


2. Object of the Tests.—This study has for its primary object 
the comparison of various grades of Illinois washed coal. With 
this in view, the tests were planned to facilitate comparisons with 
respect to the following points: 

(a) Determination of the relation of grade of coal to the econ- 
omy of evaporation and horse-power obtainable. 

(0) Determination of the effect of varying rates of combus- 
tion upon the economy with various grades. 

(c) Effect of different depths of fuel beds. 

(ad) Study of the fuel bed, draft and draft pressure require- 
ments for each grade. 

3. Develonment of Methods.—In experimental furnace work, 
the difficulty of controlling variables and measuring quantities 
depends in some degree upon the peculiarities of the furnace and 
the object of the experimental work. In the present work it has been 
the aim to pursue such methods and to keep such records of furnace 
events as will permit comparisons with future experimental work 
with the particular plant used. Details of these methods and records 
have been described at proper places in the report and care has 
been taken to point out irregularities that have occurred. Those 
methods toward which special study has been directed and which 
are perhaps of interestaside from their bearing upon the gen- 
eral results contained herein are: 

(a) Method of sampling flue gases, see page 88. 

(0) System for recording furnace observations and the de- 
tails of furnace control in fuel tests with the chain grate stoker, 
see page 92, 
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4, The Coal used was selected wholly on account of the sizes 
represented and not for the purpose of comparing coals from vari- 
ous seams or mines in the State. Direct transportation facilities 
also influenced the selection because of limited storage capacity 
at the University. 

Coal from washing plants in two districts was selected. That 
from Vermilion county is believed to be characteristic of the 
washed coal from the seam mined. Coal from this locality has 
been widely known as ‘““Grape Creek” coal. The coal from Wil- 
liamson county, including both washed and unwashed coal, is 
representative of the coal mined from Seam No. 7 in that and 
adjoining counties. 

The stratigraphy of the seam mined in Vermilion county has 

been questioned for various technical reasons. The same seam 
- characteristics as are foand in Seam No. 7 mined in Williamson, 
Franklin and Jackson counties are, however, present, although 
the chemical properties of coals from the two seams show sharp 
differentiations. 

5. The Washing plants now in operation in the State number 
about forty. With few exceptions round-hole revolving screens 
are used, but the size of coal prepared by these varies. By 
agreement, in 1908, the operators in Williamson county adopted 
the following standard of sizes for washed coal. The numbers 
used refer to screens with round perforations. 


Designa- 
tion 


Through} Over 


No. 1 3 in. 1% in. 
No. 2 1% in. is in: 
No.3 1 ine % in. 
No. 4 % in. 4 in 
No.5 VE UM. |) scenes 


This gradation has been, in the main, adopted, although 
several of the mines in that county are also supplying inter- 
mediate sizes to meet special market demands. Of the total 
number of washeries in the State, fifteen are supplying these sizes. 
Other grades of washed coal prepared by one or more plants are 
between screens of the following perforations: 
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Perforations 
OnYOSE Screens 

Bo WW Ye 0 rr .... |Round hole 
a) 14 OF he eye ..... |Round hole 
o 1% % 36 (0) ..... {Round hole 
3 1% 4 0 fale .... {Square hole 
: 1% 14 4% 0 -... {Round hole 
2% 1% M4 a ee .... |Round@ hole. Size below 4 discarded. 
144 0. sichs Ae aes .... |Washed screenings 
3 1% 1 % 4 a) Round hole 
3 1% 1 ye 5-16 \% Round hole 
a 1% 1 4 5-16 0 Round hole 
1344 % 0 Hone Bar screen 


6. The tables given below show the character and grade of 
the coal selected for the experiments. 

Table 1 gives the size and description of the coal. The 
screens in use at each of the mines are rotary screens with 
round perforations. The fuel symbol, column 2, in this and the 
tables following, is a convenient index number, adopted to facilitate 
the keeping of records at the testing plant. Theintegral number 
is the mine index while the remainder ofthe symbol refers to the 
size and condition of the coal. For example in the number 4.0708, 
4 is the mine number. The remainder of the number gives the 


TABLE 1 DESCRIPTION OF COAL 


Location of Mine 
FI 5 
S S a a | 
2 A 2 8 a | g 
5 5 g a ees 5 < 8 
n) ° is} qd 
Nae ee eae ee : g |g 
e F BS S 3 S 8 6) 
3} n M4 
i.e) 
1 2 3 4 5 6 7 8 9 
1 4.0703W |Washed Pea.| %-% | Washed |New Century Westville Vermilion 6 
2 4.0703 W ay is i a im 6 
3 4.0700W |W.Pea& Duff} %-0 Hs ty se 6 
4 4.0300W |Washed Duff.| %-0 6 
5 5.1610W |No. 2 washed | 1%4-1 ns Stewart Herrin Williamson 7 
6 5.10086W |No.3 3 1-% te i oe i 2 
7 | 5.0¢02W |No.4  *! %-M4 os Fs ; “ 7 
8 5.0200W |No. 5 4-0 7 
9 6,0402W |No. 4 Yh i? Stewart Marion Xe 7 
10 6.0200W |No. 5 : 44-0 7 
11 7.1610— |No.2 Nut....| 1%-1 | Unwashed Store es Herrin a 7 
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size of the screens used in preparing the coal. The number is 
given in the octonal system, e. g., 1.6 to1.0, written for convenience 
.1610, indicates that the size is between 1 in. and 1 in; .0703 
indicates that the size is between $ in. and #in.; .1006 that the size 
is between 1 in. and $in., etc. Suffixed tothese numbers W in- 
dicates washed coal and the dash —, unwashed coal. In Table 1, 
columns 4,5, 7 and 8 define the meaning of the fuel symbols 
for every coal tested. 

Table 2 gives the results of analyses of composite samples 
made up from the samples taken during the progress of the tests. 
The method of preparing these composite samples is explained 
on page 119. Sampling at the mine in view of the nature of the 
experiments was not considered necessary. None of the coal was 
stored for a greater period than six weeks after receipt so that 
except for changes in moisture content the analyses of the compos- 


TABLE 2 AVERAGE COMPOSITION AND CALORIFIC NATO 
OF THE COAL AS FIRED 


Analyses of Composite Samples 


Coal as Fired 
a 2 
3 Z So |. Proximate Analyses 
2 1s) co) 
a a | Ss 5 
} is 5 Sk a es : ae 
VA op A $Q 5 2 Ultimate Analyses = 3 
a Soe tas 28 
iS) ® <q 3 as ae 
5 alge URE | so) 3G go | Sell S lhe pes 
= os aed } So S &o oe 
® Sl aoe 2 ° So ° oe |e 
Bo = ee | S [oo Jen |) eo) So 
& s Ss ie) a io} z nn 
iN 2 3 4 | 32.2 | 33.2 | 34.2 | 35.2 | 37.2 | 38.2 | 39.2 | 40.2 | 41.2 
h % % % Go $ h % % % |B.t.u 
1 4.0703 W 608 | 14.46] 41.45) 32.10) 18.97] 7.48] 58.72) 3.90 | 8.36 | 0.98 | 1.59 | 10385 
2 4.0703 W. 253 | 13.10) 41.35] 32.36) 18.03} 8.26] 59.28] 3.82 | 7.85 | 1.00 1.76 | 10534 
3 4.0700 W 302 | 12.55) 39.30) 32.90] 18.78] 9.02] 57.22] 3.75 | 8.55 | 0.98 | 1 70 | 10381 
4 4.0300 W 600 | 17.43] 36.49! 28.73] 22.00] 12.78] 52.05] 3.42 | 6.60 | 1.11 | 2.04 9154 
5 5.1610W 502 6.04! 50.44) 31.72] 9.66] 8.24] 66.62] 4.53 | 8.57 | 1.17 | 1.27 | 11848 
6 5.1006 W 571 4.74] 51.18] 30.76] 9.27} 8.79) 66.49] 4.19 | 8.86 | 1.24 | 1.16 | 11795 
4 5.0602 W 273 7.77| 48,50) 30.18] 12.14] 9.18] 64.62] 4.11 | 7.54 | 1.16 | 1.25 | 11439 
8 5.0200 W 303 | 11.62) 43.26) 28.89] 15.69] 12.16] 58.81] 3.66 | 7.42 | 1.08 | 1.18 | 10398 
9 6.0402 W 804 7.16} 49.50) 32.44] 10.69] 7.37] 66.97] 4.28 | 8.13 | 1.20 | 1.36 | 11983 
10 6.0200 W 587 | 13.89) 44.20) 26.62] 18.17] 11.01] 57.00] 3.56 | 7.58 | 1.23 | 1.45 | 10010 
11 Wo1610— 519 2.83) 50.82} 32.24) 7.45) 9.49] 66.78] 4.30 | 8.59 | 1.25 | 2.14 | 12012 
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ite samples fairly represent the coal as delivered. Comparison 
of the amount of adhering moisture carried by washed coal can 
be justly made only by taking into account the lengths of haul in 
transportation, conditions of weather and the time since loading; 
so in this respect, only qualitative deductions should be drawn 
from the figures given for total moistures. Coal from the mine, 
Index No. 4, was usually delivered on the following day after 
washing and was loaded directly from the car into the boiler room. 
The coal from each of the other mines was several days in transit 
and was unloaded into roofed storage sheds. ‘T'est samples only 
were taken. The coal, 5.1006W remained in storage about six 
weeks before it was sampled. 

Table 8 gives the results of analyses for the air-dry 
sample. These are original figures reported by the chemical 
laboratory. It is interesting to note that there is but small dif- 


TABLE 3 AVERAGE COMPOSITION AND CALORIFIC VALUE 
OF THE AIR-DRY COAL 


Analyses of Composite Samples 


Air-Dry Samples 
3 S Proximate Analyses 
oO 
q S |: Ss 
° al 8 5 ‘ els} 
iz, D)- 4 3 £ Ultimate Analyses Se 
g g|¢|s : 28 
8 o 8 a oO a qd [=| u A gy 
a 12) © a q te? ® ® 3 50 
.) co} i (es a 2 be ot i) qa Sal 
® ve) a aI 2 ° iS fo) a 3 
He a i | CS Wi imc alee S 
1 2 3 4 5 6 7 8 10 11 12 13 
% h % % % h ho $ % | Btu 
1 4.0703 W 608 48.45] 37.53] 5.27 8.75) 68.65) 4.56 | 9.77 | 1.14 | 1.86 | 12141 
2 . 4,0703 W 253 47,58] 37.24] 5.67 9.51] 68.22} 4.40 | 9.03 | 1.15 | 2.02 | 12122 
3 4.0700 W 302 45.99] 38.50] 4.95 | 10.56) 66.95] 4.39 |10.01 | 1.15 | 1.99 | 12149 
4 4.0300 W 600 44.19] 34.80] 5.53 | 15.48] 63.05] 4.14 | 7.99 | 1.34 | 2.47 | 11086 
5 5.1610 W 502 53.68: 33.76] 3.79 8.77| 70.90] 4.82 | 9.12 | 1.25 | 1.35 | 12604 
6 5.1006 W 571 53.72] 32.29] 4.76 9.23} 69.79} 4.40 | 9.30 | 1.30 } 1.22 | 12381 
@ 5.0602 W 273 52.59) 32.72] 4.74 9.95) 70.06] 4.46 | 8.18 | 1.26 ; 1.35 | 12895 
8 5.0200 W 303 48.94] 32.69] 4,61 | 13.76) 66.55) 4.14 | 8.39 | 1.22 | 1.33 | 11765 
9 6.0402 W 304 53.32] 34.94] 3.80 7.94] 72.13) 4.61 | 8.76 | 1.29 | 1.47 | 12907 
10 6.0200 W 587 51.83] 30.91] 4.97 | 12.79) 66.20) 4.13 | 8.80 | 1.43 | 1.68 | 11625 
{1 7.1610— 519 52.30) 33.18] 4.75 9.77) 68.72] 4.43 | 8.84 | 1.29 | 2.20 | 12362 
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ference in the amount of absorbed moisture in the different coals 
after air drying. The method of air drying is explained on page 101. . 
Table 4 gives a better comparison of the characteris- 
tic differences in composition of the fuel from the two localities 
represented. For analyses and heating values used in the cal- 
culation of the test results, see Tables 37 and 38, Appendix III. 


TABLE 4 AVERAGE COMPOSITION AND CALORIFIC VALUE 
OF THE ASH AND MOISTURE-F' REE COAL 


Analyses of Composite Samples 


Pure Coal (Ash and Moisture-Free Coal) 
fe) 
3 Z Prox. Analyses Ultimate Analyses B 
g a oe 
° ma w Cs] 
Z a Roe eet: P : Ps 
3 Se a ae ee eee 
o a o 2 g = ° a qe 
16) a) he ist MM o = £8 
Ss [oe oh canta eee be = | oe 
cs) 8 q a n ‘6) 
[e) 
Fi > 
% % a % | B.tu. 
1 4.0703 W 608 56.35 43.65 79.85 5.30 11.36 1.33 2.16 14121 
2 4.0703 W 253 56.10 43.90 80.42 5.19 10.65 1.36 2.38 14291 
3 4.0700 W 802 54.43 45.57 79.24 5.20 11.85 1.36 2.35 14380 
4 4.0300 W 600 55.94 44.46 79.81 5.24 10.12 1.70 6351183 14035 
5 5.1610W 502 61.39 38.61 81.09 5.51 10.43 1.43 1.54 14416 
6 5.1006 W 571 62.46 37.54 81.14 5.12 10.81 151 1.42 14395 
1 5.0602 W 273 61.65 38.35 82.12 5.23 9.59 1.48 1.58 14529 
8 5.0200 W 303 59.95 40.05 &1,.53 5.07 10.28 1.50 1.62 14412 
9 6.0402 W 304 60.41 39.59 81.72 5,22 9.93 1.46 1.67 14622 
10 6.0200 W 587 62.41 37.59 80.50 5.02 10.70 1.74 2.04 14135 
Ml 7.1610— 519 61.18 38.82 80.40 5.18 10.34 L.sl 2.57 14462 


III. Summary OF RESULTS AND CONCLUSIONS 


7. The conclusions herewith presented are based on 58 trials 
with washed coal and 6 trials of No. 2 unwashed coal. 

The grades tested were regular commercial grades purchased 
at the mine, and with one exception, in which a mixture of two 
grades was tested, were of sizes representing common standards. 
Tests of eight standard grades covering a full range of sizes suit- 
able for burning upon the chain grate are included. 

Much of the work has necessarily been of preliminary char- 
acter, but an endeavor has been made to obtain as general a 
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survey of the facts relating to the use of washed grades in con- 
nection with the chain grate stoker as was possible with the time 
and funds available. Jn making an analysis of the work, partic- 
ular emphasis has been placed upon the modifying influence of 
methods of furnace control, the variations in the results due to radi- 
ation and conduction losses from the furnace and boiler, and the 
factors that influence the relative values of the fuels. Data not 
directly applied to the analyses made are presented in 
Appendix III. 

Itis shown in the analysis that results of tests direct with steam 
boilers may be only roughly compared, and that if close compari- 
son of evaporative results is to be made, the amount of radiation 
and conduction losses must be known and corresponding correc- 
tions applied. 

8. Concerning the principal points investigated, the follow- 
ing general conclusions may be drawn: 


1. A comparison of fuels burned upon the chain grate 
is possible only when the fuel beds are kept in uniform con- 
dition. Irregularities that may occur in the fuel bed, wheth- 
er induced by characteristics of the fuel or otherwise, may 
cause variations in the evaporative results for the same grade, 
which are wider than occur between any grades above the 
size ¢ in. to 0, when those grades are burned with the best 
care and attention. 

2. Under the best care of the fuel bed (horse-power, 
depth of fuel bed, and other imposed conditions being equal), 
representative grades show the following relative economic 
yalues, based upon ash and moisture free coal: 


P Relative 
Laboratory Size Relative | practical | Relative 
File No. inches |Total Heat Heat | Economy 
Values Values 
5.1610 W 1% tol 1.021 1.036 0.981 
HeiGlO=— 1% tol 1.020 1.0388 0.994 
5.1006 W 1 to % 1,022 1.036 1.039 
4.0703 W % to % 1.000 1.000 1.000 
4.0300 W % to 0 0.984 -983 0.778 
6.0200 W 4 to 0 1.000 1,004 0.813 


The ratios shown are taken with respect to the results 
for fuel 4.0703 W, and economy values are compensated for 
radiation and conduction losses from the furnace and boiler. 
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The ratios for the economy include the variations due to size, 
unequal practical heat value, and ash-pit loss. 

The sizes used represent the range of sizes that are prac- 
ticable for the chain grate stoker. The widest variation in 
economy shown is that between fuel 5.1006W and fuel 4.0300W, 
approximately 26 per cent with a variation of 3.8 per cent 
in the total heat values, and a variation of 5.8 per cent in the 
practical heat values. 

It should be noted that the ratios for relative economy 
represent only one factor in the money value of the grades. 
Large sizes, it is known, have better shipping and storing 
qualities and are suitable for a wide variety of uses. Very 
fine sizes, on the other hand, require greatest attention in burn- 
ing and increase the stand-by losses and fixed charges of the 
plant. 

3. The effect of size, per se, upon resulting economy 
and thermal efficiency, i. e., apart from variation induced by 
differences in initial heat values and losses of heat, is char- 
acteristically shown by the quantities of air accompanying 
combustion. The weight of air per pound of combustible 
consumed and the percentage of excess air for the several 
fuels, taking for comparison the same conditions and tests 
as are used in the comparison (2) above, are as follows: 


Pounds 
F f Air per : 
Size e Excess Air 
Index No. ; pound of 
inches Combustible | PeTeent 
Consumed 
5.1610 W 1% tol 21.05 81.76 
LEU 154 to 1 21.18 79.29 
5.1006 W 1 to% 17.938 51.81 
4.0703 W & to % 17.30 54.34 
4.0800 W 6 to 0 28.05 135.87 
6.0200 W 4 tod 31.56 169.47 


The fact that the order of the values for ‘““Excess air, 
per cent” is slightly different from the order of the quantities in 
column 3, is due to a slight difference in the chemical com- 
positions and theoretical air requirements of the combus- 
tibles consumed. 

These values represent a combined characteristic of the 
size and grade under conditions of operation that main- 
tained the fuel beds of the same area and gave to each fuel 
the attention that seemed necessary to produce best eco- 
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nomic results. The excess air for all grades may be further 
reduced by banking the fuel at the back of the grate, but as 
that condition jeopardizes economy through increased loss of 
fuel in the ash and refuse, it was not attempted. 

4. Any rate of combustion or horse-power desirable for 
stationary practice may be obtained with any of the standard 
grades tested above the sizes # in. to 0. 

With the sizes 2 in. to0 and +4in to 0, the boiler rating 
was obtained approximately, as amaximum result. With one 
shipment of the grade ¢ in. to 0, 175 H. P. was obtained as a 
maximum. For these small sizes increasing the draft would 
not further increase capacity. Careful attendance in burning 
fine sizes pays a big premium. 

5. Comparisons of rates of combustion or horse-power 
for different fuels should be made on the basis of equal rates 
of air supply. Comparisons in that manner are shown on 
page 65. 

6. For sizes above 2 in. to 0, a slight tendency toward 
increased excess of air with increased rate of combustion is 
indicated, though no systematic relation is shown. 

The thermal efficiency decreases slightly with increased 
rate and apparently in a linear relation. 'The horse-power 
is approximately proportional to the rate of combustion. Var- 
ious grades differ in this respect, according to the proportion 
of excess air accompanying combustion. 

The fine sizes produce their best results generally at 
their maximum rate of combustion. The size ~ to 0 (fuel 
4.0300W) is superior in this respect to the size + to 0 (fuels 
5.0200W and 6.0200W). 

7. Increasing the thickness of the fuel bed results in a 
decrease in the loss of fuel in the ash and refuse. In some 
cases there results also a slight decrease in excess air, but in 
other cases a slight increase results. No definite relation de- 
pending upon the size of the grade is shown in the latter 
respect. 

The maximum difference shown in over-all efficiencies 
due to carrying different thicknesses of fuel bed is approx- 
imately 2 per cent for gate openings varying from 4 to 7 in. 
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IV. GENERAL CONSIDERATIONS AND DEFINITIONS 


9. In the analysis of the performance of steam generators 
it is sometimes thought to be useful to define in some detail, the 
functions of the separate parts of the generator, such as the grate, 
the combustion space, the boiler, etc. The boiler is easily differ- 
entiated from the other parts of the steam generator, but to 
ascribe a definite division of duties to the furnace parts involves 
arbitrary assumptions and definitions. Consequently, terms vary in 
meaning in the literature of the subject and depend upon the view 
point of the writer. For the purposes of the present work, it will 
be necessary to make only one division, i. e., the boiler and the 
furnace and to define them as follows: 

10. The Boiler is a definite arrangement of heating surfaces in- 
cluding any fixed arrangement of gas baffles thatmay be used 
for the purpose of directing the course of the heated gases over the 
heating surfaces. 

The Furnace includes the combustion space, the grate or 
mechanical stoker, incidental brick work and enclosing walls. 

Certain parts of the furnace, arches in particular, are essen- 
tial for the ignition and proper combustion of the fuel in mechan- 
ical stokers and, in general, the form of the brick parts is deter- 
mined by the stoker or the grate. The tile roof of the Heine 
combustion chamber is a feature of the boiler and also a feature 
of the furnace. 

11. <A division according to function is notso simple. The 
sole function of the boiler is to absorb heat, and with clean heat- 
ing surfaces its characteristics are definite. In order that the 
heat in the coal may be actually available for transmission to the 
boiler, it must be developed and transferred in gases, or by radi- 
ation from the fuel bed and flames, at temperatures above that ofthe 
heating surfaces. Since a considerable part of the heat is always 
contained in the gases below the temperature of the heating sur- 
face, the economy of the process increases as the heat contained 
in the gases above the temperature of the heating surface 
increases. The available heat in the gases at any given temper- 
ature is, of course, only the heat that is used to increase 
the temperature of the gases, i. e., the so-called sensible 


MCGOVNEY—TESTS OF WASHED GRADES OF ILLINOIS COAL 138 


heat. However as the gases are cooled in their passage over the 
boiler surfaces, the part of the heat that was used in doing the 
work of expanding the gases in the furnace is directly used by the 
boiler. For lack of a more definite term, the term heat content 
used in the following discussion is taken to include both the 
sensible heat and the heat required for the work of expansion. 
The heat content is proportional to the temperature of the gases 
and the mean specific heat at constant pressure. Denoting by Q 
the heat content of one pound of the gases we have, therefore, 
Q =CpT. 

The gases are the principal means of conveying heat to 
the boiler, when the furnace is of the kind used in this work, but 
where much heat reaches the surfaces by direct radiation, as in 
plain tubular, locomotive, and internally fired boilers, the prob- 
lem is much complicated. It is intended, however, to deal here 
with a single type of plant in which there is reason to believe 
that but a small proportion of the total heat reaches the heating 
surface by direct radiation, i. e., by transmission through the 
tile roof. However, whether the process of heat transfer 
from the fuel to the boiler is by conduction from gases 
alone or is a mixed process, it is neverthelesstrue that economy 
in the utilization of the heat from the coal increases as the sensi- 
ble heat content of one pound of gas increases. 

12. Furnace Hffect.—For brevity, and significance as well, 
the ‘‘heat content of one pound of the gases” delivered to the 
boiler will be termed the furnace effect. 'The factors that operate 
to modify the furnace effect are: 

1. Total heat value of the coal. 

2. Latent heat in the moisture formed by the burning of 
the hydrogen in the coal. 
Latent heat in the moisture evaporated from the coal. 
4. Undeveloped heat in smoke and incompletely burned 
furnace gases. 
Proportion of air supplied to fuel consumed. 
Radiation and conduction from the furnace parts. 
7. Loss of heat in hotash and refuse. 


ez 
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The first, second, and third factors determine the quantity of 
heat from the coal that will be available for producing rise of 
temperature. The total heat value of a coal as determined by 
means of the combustion bomb calorimeter is the heat that 
would be available by cooling the combustion gases to the tem- 
perature at which the combustion was initiated, i. e., room tem- 
perature—usually about 70° F. Thus the heat that becomes 
latent in furnace processes is included in the reported total heat 
value of the coal. 

The total heat minus the latent heat of the moisture is usually 
termed the practical heat value of the coal. It may be calculated 
as follows: 

Let H = the total heat value, B. t. u. per lb. 
m, = the moisture in the coal by weight per lb. 
of coal. 
Mm, = the moisture formed in the burning of the 
hydrogen by weight per lb. of coal. 
Then Practical heat value= H — 966 (m,;—mz) 

Ash and moisture in coal are extremely variable and may be 
considered extraneous and as adding nothing of value. They are 
properly considered as diluents in considering heat values and 
may thus readily be taken account of inthe purchase of coal. 
Because of the variability of ash and moisture content and the 
ready manner in which they may be accounted for by simple analy- 
sis, comparison of the practical effects of different types of coals 
is most satisfactorily based upon the unit of ‘“‘combustible”, i. e., 
ash and moisture free coal. This unitis termed by some writers 
“pure coal”; the usual designation combustible as used in the 
A. S. M. E. code is adhered to herein. 

To give a rough idea of the variation in the furnace effect due 
to differences in practical heat values per unit of combustible, 
consider two I[llinois coals having heat values of 18950 and 13500 
B. t. u. respectively, and assume an air supply of 14 pounds per 
pound of combustible. Thus approximately 15 pounds of gas is 
formed and neglecting radiation and conduction losses, etc., the 
furnace effects are 930 and 901 B. t. u., respectively. 

The quantity of air used, however, may vary between 14 lb. 
and 40 lb., giving with the latter quantity furnace effects of 340 and 
330 respectively, for the twocombustibles. In bad furnace opera- 
tion as much as 50 pounds or more of air used per unit of combusti- 
ble is not infrequently found. This illustration has been given to 
show the relative influences of the fifth factor given above and of 
the heat values of coals. 
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The effect of a higher heat value in coal must, of course, be a 
beneficial one, but the evaporative effect obtained in actual opera- 
tion at times due to conditions that cause disproportion of the 
air supply may indicate even the reverse. The decrease in the 
furnace effect due to radiation and conduction from the furnace 
varies with the area of the exposed wall surface of the setting, 
the temperature within the furnace, specific conductivity of the 
walls, temperature of the surroundings, and drafts of air through 
the boiler room. Its real value in any instance has never been 
directly determined. 

The fourth and fifth factors, it is well understood, can be 
modified either in the direction of good effect or of bad effect 
by the features of the furnace, the fuel, and the manner of operat- 
ing the furnace. The importance of the proper proportion of the 
air supply has been indicated. The proportion of air to fuel con- 
sumed is affected by care or indifference in operating, mechanical 
conditions of the fuel, and leakage around the edges of the grate. 
These same conditions play an important part in determining the 
amount of smoke and incompletely burned furnace gases. The 
construction of the grate or mechanical stoker and the combustion 
space are important elements in determining the latter factor. 
Conditions affecting air proportion, smoke and incomplete com- 
bustion vary from those of poorly constructed and poorly oper- 
ated hand-stoked furnaces and mechanically-stoked furnaces to 
excellent construction and operation in both, but whether a 
hand-stoked furnace or a mechanically-stoked one, the personal 
factor of the operation does not lose its importance. 

The seventh factor may be disposed of as negligible for prac- 
tical purposes. 

This involved condition of affairs makes it impossible to 
assign the function of producing good furnace effect to any one 
element alone, or, on the other hand, to assign to any single ele- 
ment a. function not involved in the function of other elements. 

18. . Service Value of a Fuel.—In view of the involved nature of 
the influences just noted, it will easily be understood why the appli- 
cation of the results obtained in evaporative tests of fuels is re- 
stricted in application to the particular types and combination of 
boiler and furnace in connection with which the tests were made, 
and further are especially restricted by the particular conditions 
of the furnace control. 
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For the purpose of comparing the economy of fuels, the heat 
absorbed by the boiler per pound of fuel should be based upon 
the fuel fed to the furnace. The results then take into account 
the loss of fuel from the grate. Conditions of the furnace opera- 
tion incomparative tests are usually either very carefully controlled 
or they are the usual operating conditions in the plant where the 
tests are made. In either case loss of fuel in the ash and refuse 
is chargeable to the character of the fuel, the characteristics of 
the grate in that respect, and the conditions of operation. Ina 
summary of experimental results, page 50, the term “‘service heat 
value” is used to designate the value of the fuel as found under 
test with a particular combination of boiler and furnace, operated 
under specifically controlled conditions. 

By the term ‘‘service heat value’ is meant the quantity 
of heat (B. t. u.) absorbed by the boiler and delivered to the 
steam per pound of fuel fed to the furnace. The expression of 
the economic result in B. t. u. is more convenient for comparison 
with the total heat value of the fuel than if expressed in pounds 
of water evaporated per pound of fuel. Otherwise, either manner 
of expressing the economic result is equally useful. 

The heat absorbed by the boiler depends mainly upon the 
furnace effect and whatever modifications of results are due to the 
characteristics of the boiler. When, however, the resulting 
absorption is expressed on the basis of one pound of fuel, the 
heat delivered to the boiler per pound of fuel is a measur- 
able factor. It is the difference between the total heat value of 
the fuel and the sum of the losses due to incomplete combus- 
tion, latent heat in moisture, loss of fuel from the grate and radi- 
ation and conduction losses from the furnace. The furnace effect 
is equal to this difference divided by the number of pounds of 
moist combustion gases resulting per pound of fuel. Evidently 
it is possible in two different operations to have equal furnace 
effects with unequal quantities of heat delivered per pound of fuel. 
This condition may result from a difference in the initial heat 
value of the fuel or a difference in the sum of the losses. Nec- 
essarily different weights of gas per pound of fuel will be re- 
quired in two cases: and since the rate of heat transmission de- 
pends upon the temperature of the gases above the temperature 
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of the heating surface a different heat absorption per pound of 
fuel must result. 

14. Kfficiencies—Two expressions for efficiency are used in 
this report. They are termed respectively :* 

Over-all efficiency, F1. 

Hifficiency of the boiler and furnace, 2. 

The reason for adopting these terms in place of the usual ones 
which are given in the code of the A. S. M. E. for boiler testing, 
should be evident from the preceding remarks. The A.S. M. BE. 
code expressions are:— 

“Item 72. Efficiency of boiler: heat absorbed by the boiler 
per pound of combustible consumed divided by the heat 
value of one pound of combustible =Item (71 x 965.8)—Item 51.” 

“Item 73. Efficiency of boiler, including the grate: heat 

absorbed by the boiler per pound of dry coal fired, divided by 

the heat value of one pound of dry coal 
= Item (70 x 965.8)—Item 50.” 

Item 72, as itis now defined in the A. S. M. E. code, is not the 
efficiency of the boiler alone, but includes also the furnace, the 
influence of the fuel characteristics, and the variation and faults 
oft operation; in fact, all of the factors that cause variation in the 
value found for Item 73 with the exception of the ash-pit loss. 
That is, Item 72 and Item 73 are identical in their main import; 
they are both measures of composite effects, the only difference 
being thatin Item 73 a charge is made against the plant for the 
heat of the total weight of fuel fired while in Item 72 the charge 
against the plant excludes one variable. 

Ex is calculated herein in the same manner as inthe A. 8S. M. EH. 
code Item 73, and #2 is calculated in the same manner as the 
A.S.M. E. code Item 72, and in the report these item numbers 
are used to designate them. The only difference is in the less ambi- 
guity of the terminology. Asa matter of fact, the term “‘boiler and 
furnace” efficiency is ambiguous unlessit is kept in mind that it is 
merely the over-all efficiency compensated for the ash-pit loss. 

In the discussion of results and in Tables 5 to 14 these efficien- 
cies have been compensated for the heat lost in the water-back, t 
the corrected items being designated by ‘Item 72.1” and “‘Item 
(oi We 


*These terms were suggested by L. P. Breckenridge, Jour. W. Soc. of Engrs. XXII. 3,288. 
+See pages 115 and 116. 
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15. Rate of Combustion.—From the standpoint of theoretical 
chemistry, each constituent in the heterogeneous mixture of car- 
bon and hydrocarbons which make up coal substance should, 
under isothermal conditions, have a definite velocity with which 
it will react with oxygen. And, in general, the different com- 

_ponents have different rates of reaction, the more so because 
many of the hydrocarbons wholly oxidize only after volatilization 
and subsequent successive changes in chemical structure. 

Oxidation of these compounds takes place slowly at ordi- 
nary temperatures, but at temperatures approaching those of 
industrial furnaces, the velocity of oxidation is so enormously 
accelerated that we never note any practical difference in 
the rate of combustion chargeable purely to differences in the 
velocity of oxidation of different fuels. 

Experience shows that as rapidly as we can supply air to the 
fuel it will be burned. Differences in rate of combustion in a 
practical sense are wholly due to conditions that prevent the 
air from coming in contact with the fuel, and to the amount of 
air supplied. 

With fine sizes of coal the rate of combustion is limited by 
the rate of air supply that disrupts the fuel bed and permits air 
to pass through without coming into contact with the fuels. 
This limit is reached with very fine-sized coals and with 
screenings containing much dust, and is a serious circumstance in 
steam generation because of a natural tendency of the fireman to 
increase the draft when there is demand for more steam. This 
maximum limit in the rate of combustion is one of the important 
factors which determine the selection of fuel fora particular condi- 
tion of service. To discover just what this maximum limit is and to 
determine its relation to the draft pressure is an essential item to 
be observed in experimental testing. 

For those grades of fuel that do not exhibit a maximum rate 
of combustion within the limits of practical demands, and below 
that limit for those that do, it is important to know the relation 
between characteristics of the grade, the draft conditions, and air 
supply. [or a useful and practical consideration of these features, 
it is imperative that the following points should be recognized. 

In a practical sense the weight of fuel that can be burned in a 
given time is determined by two principal factors. 
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(a) The rate at which air is supplied to the fuel. 

(b) The efficiency with which the air is utilized. 

The relation of these two factors is apparent at once, for if 
we consider two equal fuel bed areas to be supplied with the same 
volume of air per unit time, that one will be most rapidly con- 
sumed which utilizes the air most completely. On the other hand 
if the air in both cases is utilized to the same extent, the relative 
rates of combustion will be directly proportional to the rate of 
air supply. 

The first factor (a) is the one most usually considered as 
determining the rate of combustion. The second factor (bd) is 
‘rarely given proper consideration. Its significance will be seen 
when it is recalled that fora given rate of air supply, the rate of 
combustion will be approximately twice as great with 12 per 
cent of carbon dioxide in the flue gases as with but 6 per cent. 

The second factor (b) is that to which we have charged the 
variations in the furnace effect, and the same causes, viz., charac- 
ter of the fuel, leakage, degree of care in attendance, which affect 
the furnace effect by dilution of the combustion gases, act under 
fixed draft capacity to modify the rate of combustion. 

The first factor depends upon the resistance of the fuel bed 
and grate, and the available draft pressure and draft capacity. 
The resistance of the fuel bed varies with the size of the fuel, the 
thickness of the fuel bed and the amount and character of caking 
and clinkering. : 


V. Trst RESULTS 


16. As stated elsewhere in the discussion of results, the 
present report is concerned with that part of the data most 
directly related to the fuel. In Appendix III many data are pre- 
sented which, it is hoped, aside from the intrinsic value, may be 
found useful to those who may wish to review the work critically. 

Limitations of results. In comparing the characteristics of 
the different grades of coal, it has been a problem of serious con- 
cern as to how much attention should be given to the fuel beds. 
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Some fuels require little attention, while others have a character- 
istic tendency to burn out in spots or clinker more or less se- 
riously. The furnace attendant naturally judges the quality of 
the coal by the amount of attention required to keep up steam. 
Thus, since this feeling is a general one, it would be of interest 
to compare fuels under equal attention all around for certain spe- 
cial plant conditions. To adopt such methods for test purposes, 
however, would be to place upon large grades of coal a premium 
which they do not deserve, when market prices are considered. 
Moreover, a hesitating demand for certain of those grades which 
require much attention has been a factor in maintaining them 
as cheap fuels, although more than sufficient pecuniary advan- 
tage to offset the extra care required may be obtained from their 
use. 

17. Mechanical stokers, which feed by continuous progres- 
sion of the fuel over the surface of the grate, or in which the 
grate itself progresses through the furnace, and which are there- 
fore continuously self-cleaning, are adapted to a wide range of 
fuels. A feature of these self-cleaning types is the difficulty of 
proportioning the air supplied to the furnace, especially when the 
fuel is not uniform or is of very fine size. The nature and depth of 
the fuel bed changes gradually from the feed gate to the end of the 
grate, and an excess of air is admitted where least needed by the 
fuel. The stirring action of inclined stokers, though an advantage 
with mildly coking coals, is unnecessary with moderately free- 
burning coal and tends to distribute the air unevenly. Combustion 
upon the chain grate is free from this particular source of dilution 
since the fuel bed may remain undisturbed during combustion. 
Excess air through the thin fuel bed at the rear of the grate, and 
leakage into the furnace between the bridge wall and the end of 
the grate, or through the dump grate of the inclined stoker can not 
be readily controlled. Devices applied to the chain grate for 
preventing undue leakage, such as over-hanging bridge walls with 
or without water-backs, designed to permit just sufficient room for 
the passage of the ash, and the various forms of dampers under 
the grate and in the ash-pit, are only moderately successful. 

A feature of such mechanical stokers, which largely operates 
to offset the disadvantages just noted and which make them par- 
ticularly adapted for efficient combustion of high volatile coals, 
is the ignition arch under which the fuel passes as it enters the 
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furnace. On account of the depth of the fuel bed under the arch, 
the air supply there is retarded and is insufficient for the complete 
combustion of the volatile matter distilled off in large amount at 
that place. If the combustion space is properly constructed, this 
volatile matter can-mix with the diluted gases from the thinner 
portion of the fuel bed and be burned. Thusa proper proportion 
of excess air through the rear portion of the fuel bed is an 
advantage. 

In the case of the traveling grate, the importance of carefully 
standardizing the furnace control in practical testing is empha- 
sized by the following fact. By driving the grate faster than the 
fuel is consumed and thus passing burning fuel over the rear end 
into the ash-pit, the excess air at the rear end may be largely 
utilized, and the result is, of course, a higher furnace effect and 
consequently higher ““boiler and furnace” efficiency, but because 
of loss of fuel the over-all economy is decreased. This possibility 
is sometimes taken advantage of in tests in which it is desired to 
show a high “‘boiler and furnace” efficiency with a given coal, and in 
practical operation under conditions where the demand for high 
boiler horse-power temporarily sets aside considerations of 
economy. 

18. Control of the Furnace.—In outlining the tests of these 
experiments an effort was made to so standardize the operating 
of the furnace that the details of the control during each test 
might be made a matter of record. General features of the fur- 
nace control, which should be noted because of their bearing 
upon the test results, are set forthin the following paragraphs. 

19. Depth of the Fuel Bed.—This was taken as the depth of 
the gate opening since an accurate estimate of the average depth 
of the grate could not be made. 

20. Area of the Fuel Bed.—The area of the fuel bed was main- 
tained as nearly as possible the same for all fuels, regardless of 
the frequency of adjustment required by the stoker-driving en- 
gine. Throughout all the tests, it was specifically understood 
that the fuel should not be allowed to bank against the water-back 
nor the live fuel line recede from the water-back a greater dis- 
tance than was absolutely necessary. An attempt was made 
to hold the live fuel about 4 inches short of the water-back; the 
regulation of the small stoker engine, however, could not be de- 
pended upon so that this condition could not be exactly met. 
The difficulty was augmented in the early tests by trouble with 
the draft engine and by the conditions under which those tests 
were made. 
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21. Attention Given to the Fuel Bed during Operation.—During 
the tests No. 1 to 20 attention to the fuel bed was confined to oc- 
casional leveling. The object was to observe the performance 
with minimum attention to the fuel beds. At no time, however, 


were irregularities in the fuel bed allowed to become serious. ~ 


During tests No. 20 to 64, it was sought to bring out the best 
possibilities with each fuel. In these tests, thin spots and humps 
at the rear edge of the bed were leveled and fuel was frequently 
pushed against the ledge plates to regulate leakage of air. 

22. Regulation of Draft Pressuwre.—The following conventiox 
was adopted to define the draft pressure of the furnace. The 
normal draft pressure is that pressure upon the fuel bed which 
exists when the fuel bed is of the regular area assigned for all 
tests, when the fuel bed is without thin spots, and when the 
leakage along the ledge plates is not greater than normal. A 
normal draft pressure was assigned for each test on the day pre- 
vious to the date of the test. This made it possible for the fire- 
men to regulate the conditions some time before the start. 

23. Rate of Combustion.—As closely as possible an even rate 
of combustion was maintained throughout each test. 

24, Fine Coal From the Drip Plate.—The fine coal which fell 
through the grate was returned to the feed hopper and again fed 
to the furnace. This was done more frequently than usual under 
ordinary plant operation, the attempt being to distribute the 
fine coal uniformly. 

25. Leakage at the Rear of the Grate.—The automatic water-back 
in all tests except one was allowed to ride upon the ash and 
clinker, so that the leakage of air passing to the furnace over the 
rear of the grate was as nearly as possible independent of the 
character of the fuel and other conditions save the draft pressure. 

26. The record of the furnace conditions was carefully kept 
during each test. An explanation of the furnace record is given 
on page 92, and Table 40, Appendix III, comprises asummary of 
as much of the data contained in those records as is possible to 
represent in tabular form. Essential parts of the record which 
could not be sosummarized have been kept in mind in modifying 
conclusions concerning the fuels. 
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VI. ANALYSIS OF RESULTS 


27. For purpose of more ready comparison, important items 
from Tables 28 to 40, Appendix III, together with items not else- 
where presented, are set forth in this chapter, and certain of the 
relations shown graphically by means of charts. General explana- 
tions of the tables and charts follow. 

28. Tables.—At the head of each tableis given the fuel index 
number. The commercial sizes in fractions of inches are given 
in Table 1, page 4. 

Column 1, series test number. 

Column 2, depth of fuel bed in inches. 

Column 8, draft pressure on the fuel bed in inches of 
water. This is the drop in pressure through the 
fuel bed. See page 116. 

Column 4, pounds of combustible consumed per square foot 
of grate surface per hour=code item 80 ~ 88.2. 

This item represents the actual combustion. For the purpose 
here intended it is a better expression for the rate of combustion 
than ‘‘pound of dry coal per square foot of grate surface” since it 
removes non-essential variations due to differences in the percent- 
age of ash and in the loss of fuel to the ash- pit. 

Column 5, Horse-power developed, Item 65.1. In this 
column the actual horse-power developed is com- 
pensated for the heat lost to the water-back as ex- 
plained on page 106. Its use removes a minor varia- 
tion of from 1 to 8 per cent due to that loss. The 
items are derived from Item 65, Table 34. 

Column 6, Horse-power developed per square foot of 
grate surface = Item 65.1 = 38.2. 

Column 7, Per cent of builders’rating developed = 
Column 5+210. 

Column 8, Efficiency of ‘‘boiler and furnace”. See Item 
72.1 page115 and Table 35. 

Column 9, Over-all efficiency. See Item 73.1 page 116 
and Table 35. 

Column 10, Per cent of total combustible lost in the 
‘ash and refuse” = (Item 31 x Item 44) + (100 — 
Item 42). See Tables 29 and 88 for Items31, 42, and 
44, 


24 ILLINOIS ENGINEERING EXPERIMENT STATION 


Column 11, per cent of CO, in dry flue gases. See Table 
36 and page 117. 

29. The graphical representation of data presented in these 
tables is shown in Fig. 1 to 9. 

These curves are not to betaken as representing mathemati- 
cally definable relationships, and for this reason it may not be 
without value to call attention to the following considerations. 
For the most part the curves represent functions of two or several 
variables. Forexample, plotted points for the amount of air used 
per pound of combustible consumed and the resulting gas composi- 
tion, should be expected to show only whether the excess of air 
varies with the rate of combustion and draft pressure. Since the 
drop in draft pressure is largely affected by the velocity or volume 
of gas flowing and its temperature, plotting points for this drop 
against rate of combustion is not wholly illogical, and reference 
to the points on the carbon dioxide curve or air supply curve will 
generally indicate the principal cause of variation. The carbon 
dioxide resulting from the combustion of a uniform coal composi- 
tion is a function practically of the weight of air used per pound 
of combustible consumed, and with a constant per cent of CO, the 
volume of air flowing gives a directly proportional rate of com- 
bustion. 


The general relation of these various factors, one to the 
other, is not difficult to understand, though the practical math- 
ematics of the relations is somewhat tedious and will not in general 
permit of exactor in some cases even approximate interpolation 
between plotted points affected by a third variable; yet with proper 
consideration, the curves illustrate sufficiently well the relations 
under the conditions of the experiments. The resulting carbon 
dioxide percentages have been plotted in each of the charts as a 
datum of reference. Therelation between the per centof carbon 
dioxide and the furnace effect and temperature of combustion is 
very nearly a direct proportion, so that it will be apparent at once 
that the possibility of representing the data for certain fuels in the 
form of smooth curves has depended largely upon slight variation 
in the carbon dioxide conditions. In the charts showing air sup- 
ply and draft pressures, uniformity of the fuel and furnace opera- 
tion adds to the uniformity of the curves. The values for air 
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supply data are given in Table 24, page72. Graphical representa- 
tion is made only for those fuels that were tested at various 
rates of combustion. 

30. Fuel 5.0602 W, Table 5.—Fuel of this grade, commercially 
known as No. 4 washed coal, is very uniform, and when itis burned 
upon the chain grate, the fuel bed usually requires little attention 
beyond care in the regulation of the grate and the occasional re- 
moval of clinker accumulating along the ledges. The tests of 
this fuel included in Table 5 were conducted under conditions of 
ordinary careful furnace control. Table 34 should be referred to. 


TABLE 5 FuEt 5.0602 W 


alee el se g | eal 
ee ie Er 3 cone 3 ao | 8 
Zs 2 3 = 32 | Su abe _ eae 
A Be ae g an Mo BR Sj om © 
Be FtOes g os ng = 8 Be | fg 
3 3 as of Dar on oo So foun shel Ses 
Pee scr lesen Cee o eel eee PE aA tee see. 
ais; ge | ese | ge | 2 | gy |e: eee eee eee 
© 5 nn Sine Bo Be) ro) SS a8 On Satin 
a & no apo One ou 4 o RS ee Ad Ke 
4 og gus o 3 OS os wit : § 
6 PS) a (4 42 ag A) te) 
ots oF o oe) qe On 2 oe Qa 
4 4 6) iz 2 Ace Od oS Oo ole! qd 
a b=) ° As © & oo ) 
2 = So aos LA € $a ° 
Hd ee SD era Bs alle a Bo | & 
3 
5 a fe a § 
1 2 3 4 5 6 7 8 9 10 11 
6 4 0.102 19.74 218.4 5.71 104.0 66.66 64.72 2.91 * 7.04 
tf 4 0.104 20.89 232.5 6.09 110.7 67.12 63.60 5.32 *10.10 
8 5 0.090 19.71 216.3 5.66 103.0 66.16 64.42 2.63 y 9.54 
i) 6 0.134 20.65 215.8 5.64 102.8 62.93 61.87 1.74 * 9.47 
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*See page 117. 


Four thicknesses of fuel bed were tried. The resulting ef- 
ficiencies are in favor of the 4- and 5-in. beds. The smaller values 
for the 6- and 7-in. beds are due in part to irregularity 
of grate performance. On the whole, the furnace control for tests 
9, 10 and 11 was less favorable to the fuel than that for tests 6, 7 
and 8. 

In all these tests, as will be noted generally, the greater ash- 
pit losses occur with the thinner fuel beds. The flame from this 
fuel was practically burned out at the rear of the combustion 
chamber, and no smoke was observed save in tests 10 and 11 at 
times when the fuel was banked against the water-back. See 
definition of ‘‘banked”, page 94. The smoke for those periods 
was less than the shade represented by Ringelmann chart No. 2, 
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the average for each test being 0.08. See Column 12, Table 36. 
No trouble of any sort was experienced from clinker. 

From the test results, it must be concluded that this fuel may 
be burned with no attention to the fuel bed, with resulting 
““boiler and furnace” efficiencies from 64 to 67 per cent, and over-all 
efficiencies from 62 to 65 per cent. With better attention to the 
fuel bed and more uniform regulation of the grate travel, this fuel 
would give as good results as those of Tables 8 and 14, . 

31. Fuel5.0200W, Table 6.—Washed coal of this grade passing 
a t-in. round hole screen is generally known as No. 5 washed coal. 
Though made up of a narrow range in sizes, the proportion of in- 
termediate sizes and especially the amount of dust contained may 
vary considerably in the washing process, and for this reason 
considerable variation in results must be expected even with coal 
from the same washery. The coal forms a very compact fuel bed, 
so that these slight changes in the proportion of intermediate 
sizes may produce a very considerable variation in the draft re- 
quirements. Six tests were made on this coal to determine the 
conditions favorable to maximum rate of combustion and evapora- 
tion. As in the preceding tests, the furnace control was that of 
good plant practice. 


TABLE 6 FuEL 5.0200W 
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*See page 117. 
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On account of the fineness of the coal and because of the 
closeness of the fuel bed, fuel of this size burns best when the 
force of the air passing through the fuel is sufficiently great to 
keep the finer particles continually agitated. To carry the draft 
much beyond this results in trouble. Holes develop rapidly, the 
increasing rush of air through such spaces reduces the draft pres- . 
sure, and the rate of combustion is retarded over the entire bed. 
Reducing the draft much below the best condition not only retards 
the combustion, but gives the leakage of free air along the ledge 
plates and at the back of the grate an increasing weight in the 
total. 

The proper draft pressure for the 6-in. bed was between those 
used. Practically the same rate of combustion was obtained 
with draft pressures of 0.38 and 0.43 respectively. In test 13 the 
fuel bed was dead and without serious tendency to form holes, as 
shown by the data in columns 9, 10 and 11, Table 40, while in 
test 14 considerable trouble resulted from the formation of holes 
over the back half of the grate, and the draft pressure varied 
widely at times. Tests 15 and 16 with a 4-in. gate opening gave 
most uniform results throughout, but required a high speed of 
grate travel. See Table 40. The chief trouble with a 4-in. bed 
was the tendency to burn out at the back end, requiring very 
careful regulation of the grate travel. For practical purposes a 
4-in. fuel bed is too thin for this grade. With the 5-in. gate open- 
ing, test 12 gave very satisfactory results in every way except 
that the draft pressure was too low for maximum results. This 
was shown by the dull flat appearance of the fuel bed. 

From these tests, the general conclusion can be drawn that 
under good plant practice there may be developed with this fuel 
for each square foot of grate surface, from 4.5 to 5.5 horse- power 
at ‘‘boiler and furnace” efficiencies from 54 to 56 per cent, and over- 
all efficiencies from 49 to 52 per cent. 

32. Fuel 4.0700 W, Table 7.—This fuel is a combination of the 
two grades, 4.0703W, Table 14, and 4.0300W, Table 138, the mixture 
containing about 30 per cent of the latter. At the washery, the 
component grades are washed separately and upon special order 
combined in varying proportions by running the products into 
the same bin. Subsequent handling in loading and unloading is 
depended upon to give a uniform mixture. Onaccount ofa fairly 
even gradation of sizes and the wet condition of the coal, this is 
ordinarily sufficient. 
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It was not intended at the time these tests were made, to ex- 
tend the work to include mixtures of the standard commercial 
grades, but this car having been received by a mistake in billing, 
the four tests were made in view of the indications they might 
give as to the advisability of taking up-such a series, and in that 
connection the results are interesting. 

The tests were made under essentially the same conditions as 
those of Table 5, but the control of the fuel bed area, affected by 
more uniform regulation of the grate travel, was superior. 


TABLE 7 Fur. 4.0700W 
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*See page 117. 


This fuel burned with as great uniformity as fuel 4.0703W or 
5.0602W, but required slightly higher draft pressure. The fuel 
bed remained in good condition, though burning more rapidly 
along the ledge plates. It will be noted that the ash in this coal 
was greater and more irregular, due, no doubt, to the admixture 
of the finer size, butit appears to have had no effect on the econ- 
omy or to have caused trouble from clinker. Combustion was 
complete and without smoke, and in every respect the tests of this 
fuel indicate that it is as suitable for use with the chain grate as 
either the fuel 4.0703W or the fuel 5.0602W. How much the rate 
of combustion may be increased over that shown by the tests can 
not be exactly stated. Nevertheless. close observation of furnace 
conditions leads to the conclusion that at least 25 pounds per 
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square foot is possible, a value which represents approximately 
seven boiler horse-power per square foot of grate surface. There 
is also no apparent reason why the economy obtainable with this 
mixture may not be increased by increased attention to the fuel bed. 

33. Fuel6.0402W, Table 8.—The tests here included are the 
first of the series in which the fuel bed was given the attention 
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*See page 117. 


that seemed necessary to keep it in uniform condition. Refer- 
ence to Table 40 will show that undoubtedly more leveling was 
done than necessary. This fuel is similar in all respects, as to 
composition and grade, tothe fuel5.0602W of Table 5; both are 
from the same seam in Williamson county. 

As with the fuel of Table 5, all of these tests were run at 
about the rated capacity of the boiler. There can be no question, 
however, that any capacity desirable can be obtained with this 
grade. 

In test 27 of this group, the water-back worked stiffly and 
had to be supported free from the fuel bed. The test should be 
excluded for that reason. The remaining tests show but small 
differences in efficiencies with reference to the thickness of the 
fuel bed, what advantage there is being with the thinner fuel beds, 
though the tendency toward increased ash- pit loss with the thinner 
beds is again indicated. Notrouble was experienced with clinker, 
and though the flame extended through the combustion chamber, 
the fuel was burned without smoke. 
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34. Fuel 5.1610 W, Table 9.—This fuel is a larger grade of 
washed coal than is usually burned upon the chain grate. That it 


TABLE 9.—FuEL 5.1610W 
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is not commonly burned is due, however, to a relatively higher 
market price and not to any difficulties arising from its use. Ex- 
cept for minor variations in the area of the fuel bed for tests 25 and 
26, the conditions under which these tests were run were excep- 
tionally uniform. 

Attention should be directed here to the change in the meth- 
ods of taking gas samples in the interval between tests 27 and 28. 
A source of leakage in the gas samples was detected and remedied 
during test 29. 

The results of tests 28, 29 and 30 are accepted as represent- 
ing the comparative economy obtainable with this grade of fuel 
under the conditions of these tests. 

But five tests could be made with this fuel and these were given 
over to the determination of the effect of thickness of the fuel 
bed. It is well known that rates of combustion may be obtained 
with this fuel far beyond any present practical requirements. 
Referring to the three directly comparable tests 28, 29 and 30, a 
tendency toward increased ash-pit loss and decreased over-all effi- 
ciency with decreasing thickness of fuel bed will be noted. No 
variation in the boiler and furnace efficiency is shown. See effect 
of radiation and conduction losses, page 52. 


*See page 117. 
**Leak in gas sampler. 
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This fuel ignites readily under the arch. A long flame re- 
sults but with combustion completed within the combustion cham- 
ber. The percentage of clinker was very small and after experi- 
ence in the first two tests, the regulation of the grate and fuel bed 
was easily maintained 

35. Fuel 7.1610 Unwashed, Table 10.—This coal and the washed 
coal of Table 9 were obtained from mines located about two miles 
apart at Herrin, [llinois. Both belong to No. 7 seam and are of the 
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same ultimate chemical composition and heating value and in 
every respect similar, with the exception of a slightly greater 
ash and sulphur content in the unwashed coal. 

The small difference in ash content did not warrant any ex- 
pectation of different results in the combustion tests, yet to satis- 
fy any doubt, tests 31, 32 and 83 were made under conditions sim- 
ilar to those of tests 28, 29 and 380. 

The occurrence of clinker, though not serious with either fuel, 
called for some extra attention in burning the unwashed fuel, as 
shown in column 7, Table 40; otherwise the results are similar. 

The remaining tests of this coal were run at increased rates 
of combustion. Comparison of the six tests in that respect show 
no positive change in the results charged to the fuel and stoker. 


*Slight dilution of sample due to leak. 
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Both ash-pit loss and the excess air in the combustion gases re- 
main practically constant. 

Since the coal of Table 9 and thatof Table 10 practically rep- 
resent the same grade, the results obtained are plotted together 
iiiay Jeroen, aL eave! 24. 
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Rate of Combustion. 


Fic.1 Trsrs or Furs 5.1610W AND 7.1610 — 


1. Drop in draft pressure through the boiler and fuel bed, inches of 
water. 

2. Drop in draft pressure through boiler, inches of water. 

3. Drop in draft pressure through the fuel bed , inches of water. 
6 inch fuel bed. 

4. Cu. ft. of air supplied per sq. ft. of grate surface per sec. 

5. Per cent of carbon dioxide in the flue gases. 

6. Pounds of air supplied per pound of combustible consumed. 
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In Fig. 1, the difference of draft pressure between the furnace 
and damper, designated curve 2, is plotted for tests succeeding 
test 80. See page 32. The points are obtained by taking the dif- 
ference between columns 8 and 4, Table 36. 
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“Boiler and furnace’”’ efficiency, Ez, per cent. 

Over-all efficiency, Ei, per cent. 

Horse-power developed. 

Per cent of carbon dioxide in the flue gases. 

5. Per cent of combustible lost in the ‘‘ash and refuse’’. 


In Fig. 2, results for all tests of fuel 5.1610W and fuel 7.1610 | 
—are plotted. It shows that the rate of evaporation or horse-— 
power developed is directly proportional to the rate of combus- 
tion. The variation of points from the mean curves for horse- 
power and efficiencies shows a general relation to the variation 
in the per cent of carbon dioxide. 

A long flame results with this fuel, but even at the higher 
rates there was no smoke or other evidence of incomplete com- 
bustion. 
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From the standpoint of uniform operation, the most satisfac- 
tory rate of combustion is in the range above 21 lb. Below this 
point the combustion responded too readily to slight changes in 
draft pressure. Clinker adhering to the ledges accumulated in 
smaller amounts at the higher rates. 

36. Fuel 5.1006 W, Table 11. Normally, this fuel contains a 
very narrow range of intermediate sizes, although as in other well- 
sized coals, there is always present a proportion of sizes smaller 
than that of the lower screen. This is caused by the handling dur- 
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ing shipping. Usually, this proportion of smaller sizes does not ex- 
ceed 10 per cent for washed coal similar to that from 
seam 7, when handled directly from the mines, though long stor- 
age may increase the amount considerably. This shipment of 
coal, after about six weeks’ storage, was not as uniform as it was 
desired to have it. On the average, about 15 per cent passed 
through a $-in. sieve, of which amount a little more than one-half 
was below#in. The coal used in tests 42, 43 and 45, taken from the 
bottom of the bin, showed about 25 pee cent oes the $-in. 
sieve with 10 to 12 per cent below 4 

The first four tests were run ie a erate of combustion giving 
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about normal boiler rating. Three thicknesses of fuel bed were 
used, the resulting efficiencies being apparently in favor of the 
5 - in. fuel bed. Tests 37, 38, 89 and 40 should be compared in 
that respect, though because of the inequalities of size they are 
not entirely satisfactory. The results for test 37 do not seem 
to be normal with respect to the carbon dioxide per cent, but the 
reason is not shown in the records. 

The fuel was of such a nature that the fuel bed was compact 
and dense in all tests; at times, especially with the 6- and 7-in. 
thickness, the bed became viscous, and the first serious trouble 
from clinkering experienced with any of the fuels tested occurred. 
During a period of two hours in test 40, fluxing of the ash per- 
sisted to such an extent that the fuel bed had to be broken up 
with the slice bar three times. 

Test 42 was intended as a check on tests 37 and 88. A nor- 
mal draft pressure of 0.10 in. was assigned for the test, but for 
the reason stated above, the resulting rate of combustion was 
low. Test 41 with a 6-in. fuel bed, but with higher rate of com- 
bustion, gave similar though slightly less trouble of the nature 
experienced during test 40. 

A normal draft pressure of 0.18in. was assigned for test 43. 
This was increased to 0.20 during the test with an average of 
0.194 for the test. A greater increase in the rate of combustion 
than that obtained for test 41 was expected, but the actual in- 
crease was only 4.1 per cent with an increase in the air supply of 
7.1 per cent. Thus it appears that the resistance factor for the 
fuel bed was increased and that the leakage of free air around the 
grate was greater. Less trouble was experienced in this test 
from clinkering than in test 41. 

In test 44 under a normal draft pressure of 0.26 in., the trouble 
from incipient clinkering entirely disappeared. The marked drop 
in the boiler and furnace, and the over-all efficiency in that test is 
chargeable partly to excess air and low furnace effect and partly 
to characteristics of the boiler. 

Aside from the various occurrences just stated, the furnace 
observers’ report showed that the fuel, except at times of over- 
hot fuel beds, burned uniformly and required not more than aver- 
age attention. As tests of the grade of coal, however, the tests 
are unsatisfactory. The coal of tests 87 and 88 more nearly rep- 
resents the grade. 

The coal burned with a long bright flame, and except in tests 
43 and 44, there was no smoke. It is worthy of note that there 
was no indication of smoke in test 41 although there was less ex- 
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cess air than for test 43, a fact which indicates a more uniform 
distribution of the air. In test 48, Ringlemann shade No. 1 was ap- 
proximated three times. In test 44, there was a faint haze of 
smoke throughout the test and twice for very short periods 
a shade corresponding to chart No. 2 was reached. For smoke 
averages for the tests, see Table 36. 

In Fig. 8 and 4, points have been plotted from the results of 
this set of tests. Smooth curves have been drawn to represent 
the average course of results, air supply, etc., at different rates 
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Fie. 3 Trsts or Fue. 5. 1006 W. 


1. Drop in draft pressure through the boiler and fuel bed, inches of 
water. 

2. Drop in draft pressure through boiler, inches of water. 

3. Drop in draft pressure through fuel bed, inches of water. 6 in. 
fuel bed. 

4. Cu. ft. of air supplied per sq. ft. of grate surface per sec. 

5. Per cent of carbon dioxide in the flue gases. 

6. Pounds of air supplied per pound of combustible consumed. 
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Over-all efficiency, Ez per cent. 

Over-all efficiency Ei per cent. 

Horse-power developed. 

Per cent of carbon dioxide in the flue gases. 

Per cent of combustible lost in the ‘‘ash and refuse’’. 


ofcombustion. They are not strictly characteristics of a definite 
grade, but if each set of points for the individual tests be consid- 
ered in their variation from the mean curves, much of interest 
will be found in their general relation to the air supply data and 
per cent of carbon dioxide. 

37. Fuel 6.0200 W, Table 12.—Both as to chemical composition 
and commercial grade, this fuel is similar to the fuel 5.0200W used 
in the tests of Table 6. At the time of testing, it had been in stor- 
age for about 30 days and had dried out somewhat. 

Tests 45 and 46 were made with the coal in that condition, 
the water content being approximately 14 percent. The tests 
offer an opportunity of observing the effect of the absence of wet- 
ness. In order to take account of the dry condition, the normal 
draft pressure assigned for the 4-in. bed, test 45, was 0.23 in., 0.29 
in. pressure having proved best for the wet coal in test 17. Asa 
result of the dryness, about 40 per cent of the fuel fell through 
the grate. This was shovelled back into the hopper without 
wetting. The result was a thin and continually broken fuel bed, 
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TABLE 12 FuEtL 6.0200W 
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45 4 0.165 13.35 115.5 3.02 55.0 53.36 48.86 8.39 4.62 

46 6 0.313 15,71 131.9 3.45 63.1 52.83 50.44 4.53 4.88 

47 6 0.414 16.62 151.4 3.96 72.1 55,86 54.80 1.90 5.53 

48 6 0.863 16.81 165.5 4.33 78.8 60.41 58.10 3.78 5.98 

49 6 0.303 13.27 121.1 Biot bY (A 55.92 53.02 5.16 Seb 

50 5 0.305 15.86 155.2 4.06 73.9) 60.56 57.29 5.36 6.04 

51 5 0.346 16.28 159.1 4.16 75,8 60.30 57.86 4.02 5.87 

2 5 0.364 17.80 175.5 4.59 83.6 60.70 58.60 3.44 6.20 


requiring an excessive amount of attention. Poor results gener- 
ally were shown, and it was with very great difficulty that even 
fairly good starting and closing conditions for the test were ob 
tained. 

Test 46 gave but slightly less trouble. An increased rate of 
combustion was obtained, but the fuel bed was continually broken 
and the furnace temperature reduced. These tests are sufficient 
to show that dryness is not one of the best conditions for fine coal 
in connection with the chain grate. This is well understood in 
practice, but perhaps the effect on the efficiency is not so well un- 
derstood. 

During the remainder of the tests of this grade, the coal was 
sprayed and mixed, the weight of the coal being taken after spray- 
ing. The drippings werealso sprayed beforerefiring. Spraying 
the coal reduced the drippings to about 20 per cent of the coal 
fired. . 

The results for tests 47 to 52 with some allowance, perhaps 
1.5 per cent variation in efficiency, Item 72.1, due to the difficulty 
of obtaining agreement in starting and closing conditions for the 
fuel bed, may fairly be considered as characteristic of the fuel 
and the grate, when given the best possible attention. Reference 
to Table 40 will show how uniform the conditions of attendance 
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were. In all of these tests, holes in the fire were checked at their 
incipiency, and the fuel was frequently pushed against the ledge 
plates. 

The furnace observers’ report showed the conditions of test 48 
to be the most satisfactory for the 6-in. gate opening from 
the standpoint of operation. For the 5-in. gate opening, the 
conditions of test 50 gave the least trouble in operation and those 
of test 52 the most. The rate of combustion and horse- power ob- 
tained in test 52 are believed, beyond doubt, to have been the 
maximum ones obtainable with this particular shipment of coal; 
the fue! bed was constantly on the point of breaking and consid- 
erable care had to be exercised to keep it in good condition. 

The dependence of the “‘boiler and furnace” efficiency upon 
the temperature of combustion as indicated by the relative per- 
centage of carvon dioxide in the flue gases and the amount of ex- 
cess air, is plainly shown in these tests. If one will compare the 
rate of combustion and the quantity of air used in these eight 
tests, see page 72, an idea will be gained of the uncertainty of 
the amount of excess air with these fine-sized coals. 

Fig. 5 shows the peculiarities of this grade of coal. The 
maximum rate of combustion, which is between 17 and 18 pounds 
of combustible per square foot of grate surface per hour, is reached 
when the volume of air supply is about 1.9 to 2.0 cu. ft. per sq. ft. 

of grate surface per second. The maximum rate for the 5-in. 
depth of fuel bed is not shown by the curve, though as stated above, 
the fuel bed in test 52 in which highest rate was obtained, was con- 
tinually on the point of breaking even under great care in manip- 
ulation. In this test the air was more evenly distributed than 
in any of the eight tests made. In fact, better distribution of the 
air supply through the fuel bed and less leakage around the grate 
seems to be a characteristic of the 5-in. fuel bed for fine sizes. 
The comparison is shown in the set of curves numbered 2. The 
relation of the rate of combustion to the draft pressure on the 
fuel bed, third set of curves, is shown to be linear as long as the 
fuel bed can be kept in good condition. 

In general, it may be said that with especial attention to the 
operation of the grate and the care of the fuel bed, ‘‘boiler and 
furnace” efficiencies of 56 to 61 per cent and over-all efficiencies 
from 53 to 59 per cent may be obtained, coincident with 3.2 to 
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1.4 1.6 1.8 2.0 22 24 
Cu. Ft of Air per Sec. per Sq. Ft of Grate Surface. 


Fic. 5. TESTS oF FuEL 6.0200 


1. Rate of combustion, (pounds of combustion consumed per sq. ft. 
of grate surface per hr). 

2. Pounds of air supplied per pound of combustible consumed. 

3. Drop in draft pressure through the fuel bed, inches of water. 


4.6 horse-power developed per sq. ft. of grate surface per hour. 

38. Fuel 4.0300W, Table 18—Coal of this grade, passing a 
g-in. screen, is known as washed ‘‘duff” at the washery where it is 
prepared. It is sometimes marketed under that name though it is 
of larger size than the No. 5 coals of Tables 6 and 12. 

Both the sulphur and ash content in this coal were higher 
than in the No. 5 coal tested. The volatile matter was about 6 per 
cent greater. One carload of about 24 tons was available, so 
thatin addition to a preliminary test, not reported, but four tests 
were obtained. 

For test 53 a normal draft pressure of 0.34 in. was assigned. 
The average of the draft pressure reading for the test was 0.336 
as shown, and 194.8 H. P. 
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TABLE 13 FueEet 4.0300W 
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53 5 0.339 20.45 196.5 5.15 93.6 59.73 55.88 6.51 6.56 
54 5 0.298 16.81 163.8 4.29 78.0 60.98 57.30 6.05 6.16 
55 5 0.367 20,71 200.1 5.14 95.3 60,15 56.68 5.79 6,58 
56 5 0.381 21.70 210.4 5.01 100.2 60.73 56.76 6.50 6.90 


A lower draft pressure was tried for test 54, and resulted in 
evaporation with no change in efficiency. A normal draft pres- - 
sure of 0.38 in. was assigned for test No. 55 and 0.40 in. for test 
No. 56. Considerable trouble was experienced in all of the tests 
from coal falling through the grate, but less attention was rxe- 
quired in keeping the fuel in good condition, than for the No. 5 
coal. 

In all of the tests, the coal ignited well under the arch and 
burned more freely and evenly over the grate than the No. 5 
coal. The flame was short on account of the large excess of air 
and no smoke could possibly result. For the same reason no 
clinker was formed. Test No. 53 required the least attention 
to the operation of the grate while test No. 56 required the most 
attention. 

It is possible that slightly increased rate of combustion could 
have been obtained, but at 0.42 inches normal draft pressure there 
was a serious tendency for holes to form, due to the lifting force 
of the draft, the light fuel particles dancing about in the same 
manner as in the case of the No. 5 coal. 

The 5-in gate opening was used for this fuel, to agree with 
the best conditions found for the No. 5 coal. 

For the four tests, an average of about 20 per cent of fine 
coal fell through the grateto the drip plate, and the fuel bed was 
probably more nearly of a depth represented by a 4-in. fuel bed 
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of larger-sized coal. Some of the characteristics noted in con- 
nection with the fuels of Tables 6 and 12 are noticeable, but the 
fuel is more even and responds to the draft better. There is at 
the same time greater uniformity in the relation of the rate of 
combustion to the horse-power developed. As with the No. 5 
coal, the tendency here is toward less excess of air at the maxi- 
mum rate of combustion, though the fuel bed showed an increased 
tendency to cake as the excess air was reduced. The results with 
this fuel are shown graphically in Fig. 6 and 7. 
Fig. 6 shows the draft pressure and air supply, plotted against 
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Rate of Combustion. 
Fie. 6 Tests or Furr 4.0300 W. 
1. Drop in draft pressure through the boiler and fuel bed, inches of 
water 
2. Drop in draft pressure through boiler, inches of water. 
3. Drop in draft pressure through the fuel bed, inches of water. 5 
in. fuel bed. 
4. Cu. ft. of air supplied per sq. ft. of grate surface per sec. 
5. Per cent of carbon dioxide in the flue gases. 
6. Pounds of air supplied per pound of combustible consumed. 
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the rate of combustion. The curves are characteristic of what 
may be expected of this fuel. They are not to be considered, 
however, as showing fixed relations, for, at rates of combustion 
between 20 to 22, the latter being about the maximum possible 
rate for the grade experimented with, considerable variation occurs 
if the fuel bed is not kept in good condition. It will be observed 
that the rate of combustion does not have the same apparent pro- 
portionality to the draft pressure on the fuel bed as in preceding 
fuels, even under the advantage of increased utilization of the air 
at the higher rates. Comparing curves 8 and 6, the drop in re- 
sistance or friction within the boiler passes (upper portion of 
curve 2) is due, of course, to the drop in the air supply curve. 
The deviations of the points for test No. 56 from the mean curves 
are due to greater leakage. 
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Fig. 7. Tests oF Fur. 4.0300W 


‘‘Boiler and furnace”’ efticiency, Es, per cent. 
. Over-all efficiency, Hi per cent. 
Horse-power developed. 
Per cent of carbon dioxide in the flue gases. 
Per cent of combustible lost in the ‘‘ash and refuse”’. 
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Fig. 7 shows a slight improvement in evaporation for in- 
creasing rates of combustion. 
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39. Fuel 4.0703 W, Table 14.—The two series of tests made 
with this coal, it is believed, give a means of directly comparing 
the effect of differences in the furnace control. How closely, how- 


TABLE 14 Fue 4.0703W 
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3 4 0.116 20.52 214.38 | 5.6! 102.0 63.94 61.34 4.05 | *10.26 
4 7 0.213 25.7 270.1 | 7.07 128.6 63.90 61.94 3.02 | * 8.86 
5 4 | 0.115 23.90 260.7 | 6.82 | 124.2 66.79 64.98 3.78 | * 7.82 
57 5 | 0.132 20.7 240.7 | 6.30 114.6 71.88 69.85 2.90 | 11.08 
58 5 | 0.118 20.68 241.2 | 6.31 114.9 70.13 70.40 153 | 11.03 
59 | 5 | 0.096 15.73 182.9 | 4.7 87.1 71.43 69.23 3.05 | 12.50 
60 | 5 0.111 18.27 214.8 | 5.62 102.3 72.36 70.98 1.94 | 11,26 
61 | 5 | 0.137 20,10 230.8 | 6.04 110.0 70,71 69.21 2.14 | 10.98 
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63 5 0.161 24.55 283.1 | 7.41 134.8 71.14 69.66 2.07 | 11.18 
64 5 | 0.058 12.33 146.8 | 3.84 69.9 72.95 71.65 1.80 | 12.55 


*See page 117. 


ever, the two series may be compared in this respect can not be 
stated. The two sets were made some months apartand no figures 
are available for the radiation and conduction losses for the earlier 
tests. See page 53. 

In tests 1 to 5, the fuel was not manipulated in any manner 
and irregularities consequently developed. In the first series, 
considerable effort was made to keep the fuel bed of standard 
lengths, but in all of the tests previous to test 26 it was not 
wholly successful. Otherwise all of the tests were conducted with 
the same care. Though the unreliability of the gas samples for 
tests 1 to 5 do not permit an estimation of the amount of excess 
air nor permit of the estimation of radiation and conduction 
losses, it is still apparent, from the percentage obtained that 
the difference in efficiency for the two series was due largely 
to excess of free air entering the furnace along the ledges and 
through thin parts of the fuel bed. 

The control conditions for tests 57 to 64 differed in no par- 
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ticular from the standard conditions adopted for tests 21 to 
64. As might be expected, this size of fuel from the standpoint 
of operation isan exceptionally favorable fuel for the chain grate, 
and with a little care there is no reason why equally good results 
may not be obtained in regular practice. Some trouble from ad- 
hering clinker along the ledges was experienced in each of the 
tests, due to a high fuel temperature and diminished leakage of 
cold air. In tests 1 to 5, no clinker was formed along the ledges 
since the fuel bed was not so hot and the continual stream of cold 
air between the grate and ledge prevented its formation. This 
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6 
Rate of GCambustion. 
Fig. 8 Tests or FUEL 4.0703 W. 


1. Drop in draft pressure through the boiler and fuel bed, inches of 
water. 

2. Drop in draft pressure through boiler, inches of water. 

3. Drop in draft pressure through the fuel bed, inches of water. 5 
in. fuel bed. 

4. Cu. ft. of air supplied per sq. ft. of grate surface per sec. 

5. Per cent of carbon dioxide in the flue gases. 

6. Pounds of air supplied per pound of combustible consumed. 
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fuel tested the combustion chamber ‘‘capacity to consume volatile 
matter”. The flame extended through the combustion chamber 
and among the tubes in all the tests. Comparing the shade of 
smoke produced, column 12, Table 36, with the rate of combustion 
and the amount of air supply, columns 5 and 12, Table 14, it will 
be seen that the conditions tending to produce smoke depend 
more upon the proportion of air supplied than upon the rate of 
combustion. The introduction of a few mixing piers either upon 
the bridge wall or in the combustion chamber would, of course, 
result in complete combustion even with considerably reduced ex- 
cess of air. With the combustion chamber and furnace as they 
are now, a Slightly greater proportion of air is necessary to en- 
tirely Cee smoke with this fuel than is needed for the fuel 
from seam 7 in Williamson county. See Table 11. However, it 
is not ee to conclude from the evidence of the few tests of 
these coals available, whether any fundamental difference exists 
in this respect. The principal point to be noted is the absence 
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ase of Combustion. 


Fic. 9. Test oF Fur. 4.0703 


‘‘Boiler and furnace” efficiency, Es, per cent. 
Over-all efficiency, Ei, per cent. 

Horse-power developed. 

Per cent of carbon dioxide in the flue gases. 

Per cent of combustible lost in the ‘‘ash and refuse’’. 
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of any pronounced effect of high rates of combustion in producing 
smoke with a high volatile coal even though the excess air is ex- 
tremely low. 

In Fig. 8, the mean curves show the general relation of the 
air supply and draft for this fuel (tests 57 to 64) and in Fig. 9 is 
shown the corresponding evaporative performance. 

Aside from the relation shown for this fuel, the curves are of 
interest from the fact that a wide range of combustion under uni- 
form conditions is shown. The general remarks made in connec- 
tion with the curves previously noted, apply to these curves as 
well and much is to be derived from a general study of the rela- 
tive deviation of the plotted points from the mean curves drawn. 

The nearly constant efficiency shown by the curves is of in- 
terest. At the low rates of combustion, the excess air was rela- 
tively small, as is indicated by the carbon dioxide points and 
the calculated points of curve 6. Consequently the furnace effect 
was proportionately higher. ‘That this does not result in an up- 
ward flexure of the efficiency curves, is due to increased propor- 
tion of the radiation and conduction losses, as will be seen by re- 
ferring to the values for those losses, Table 16. 


VII. COMPARISON OF HEAT VALUES AND HCONOMY 


40. Various factors affecting the economic results obtainable 
with a given coal have been outlined on page 22. The tabulated 
quantities of Table 16 embrace such of those values as are acces- 
sible in the data. For the purpose of uniformity in the fuel unit, 
the items are based upon the combustible. The derivation of the 
items is as follows: 

Column 8. Total heat of 1 lb. of combustible, B. t. u.= 
Item 51. 

Column 4. Practical heat value, B. t. u. = Column 8 less 
latent heat of moisture. 

Column 5. Heat delivered, B. t. u. = Column 4 less 
heat lost in carbon of the ‘‘ash and refuse.” 

Column 6. Furnace effect B. t. wu. = Column 5~+ lb. moist 

. gases per pound of combustible fed = Column 

5 + (Column 7, Table 24 + Column 38, Table 
15) 
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Column 7. Equivalent evaporation from and at 212° per 
lb. of combustible fed, pounds, compensated 
for water-back loss = Item 70.1, referred to 
combustible fed. 

Column 8. Service heat value, B. t. u., compensated for 
water-back loss = Column 7 x 966. 

Column 9. Radiation and conduction loss, B. t. u. Seep. 56. 

Column 10. Service heat value, compensated for radiation 
and conduction loss. See page 52. 

The heat losses due to latent heat in the moisture from the 
coal and to the loss of carbon in the ash are shown in Table 15. 
The items of this table were computed as follows: 

Column 3. Weight of water per lb. of combustible, 
pounds = (per cent of moisture referred to 
combustible — 100) + (per cent of hydrogen 
in combustible ~ 100) x 9. 

Column 4. Latent heat = Column 8 x 965.8. 

Column 5. Per cent of carbon in ash to combustible = (Item 

831 x item 44) + (100 — Item 42) See tables 
29 and 88 for Item 31, 42 and 44. 

Column 6. Heat in carbon lost = Column 5 x 14600. 

41. Reviewing the values set forth in Table 16, it cannot be 
doubted that the comparative values of two grades of fuels can 
be apparent only from an actual service test. It will be seen, 
however, that over-all test results in themselves do not lend them- 
selves to close comparison. In the table are shown approximate 
values for the furnace effect and the sensible heat delivered per 
pound of combustible. In the definitions of those quantities, 
page 18, the radiation and conduction losses from the furnace 
have been given properimportance. It would likewise be consist- 
ent with a possible working hypothesis of steam boiler per- 
formance to base such definitions upon quantities of heat only 
that are delivered to the boiler at temperatures above that of 
the heating surfaces. However, to give such factors proper 
weight in the derivation of numerical values more elaboration is 
required than seems necessary, especially since the cause for varia- 
tion in the evaporative results may be shown by simpler means. 
It is believed that this purpose has been sufficiently shown by the 
two heat quantities in the calculation of which no account 
has been taken of the radiation and conduction losses, and by 
way of supplement introducing as a separate item the values for 
the total radiation and conduction losses, furnace and boiler com- 
bined. 
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TABLE 15 Herat Loss DUE TO WATER FROM COAL AND TO CARBON 
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TABLE 16 CoMPARISON OF HEAT VALUES AND ECONOMY, BASED ON 
1 LB. OF COMBUSTIBLE AS FED. 
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TABLE 16 COMPARISON OF HBAT VALUES AND ECONOMY BASED ON 
1 LB. OF COMBUSTIBLE AS FED 
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42. Over-all evaporative results in tests of fuels may be 
compared quantitatively only when the imposed operating con- 
ditions of the experiment are carefully taken into account, but the 
comparison will hold only when the experiments themselves have 
been made without variation due to losses from radiation and con- 
duction. The present studies clearly show that it is impossible 
to eliminate such variations, and that some means of correction 
for the radiation and conduction losses must always be applied. 
In general, it may be stated that the evaporation depends upon 

(1) the heat content of the gas; 

(2) the heat delivered per pound of fuel; 
(8) the boiler characteristics; 

(4) radiation and conduction losses. 

48. The values for the radiation and conduction losses for 
those tests (tests 80 to 64) for which there are data suitable for 
calculating a satisfactory heat balance, are given in column 9, 
Table 16. These values are the ‘‘unaccounted-for loss” items ob- 
tained in heat balances as usually computed. This item, whichis 
obtained by subtracting the total heat measured from the total 
heat supplied, also represents the variations due to the balance 
between positive and negative errors of experiment. What weight 
the latter represents in the figures, cannot be ascertained. It 
seems reasonable to believe, however, that with the exception of 
those tests that have been questioned in the table, the sum of 
these errors does not exceed 1 per cent. 

44, Comparison of the variation between the radiation and 
conduction losses shows the extent to which the service heat values 
have been affected. Itshould be especially noted that those tests 
conducted in the early spring are placed at the greatest disad- 
vantage, e. g., fuels 7.1610—and 5.1610 W. In fixing upon 
a method of correction for these losses, an endeavor was made to 
arrive at some satisfactory means of correction for the variations 
only, such that the resulting corrected values would represent 
magnitudes obtainable by direct experiment under uniform con- 
ditions, but the possibility of such a course has been precluded for 
the want of a satisfactory datum of reference. The involved na- 
ture ofthe problem will be apparent if one reviews the various 
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factors that contribute to the magnitude of such losses. 

However, for purposes of comparison, it is not essential that 
the values should numerically represent obtainable ones, and a 
compensation has been made in column 10 by adding the heat 
loss of column 9 directly to the obtained figures for the service 
heat value. This procedure, though somewhat arbitrary, repre- 
sents the best possible information, since the values approximate 
those that would have obtained had the heat lost by radiation 
and conduction from the furnace remained in the gases; further, 
they eliminate any variations due to radiation and conduction from 
the boiler, and atthe same time those that may have been intro- 
duced by errors in the coal or in the water items. This method 
of compensation is adopted on the theory that heat imparted to 
the gases above the temperature of the boiler heating surface is 
absorbed at very high efficiency.* 

Since this efficiency, it is known, is not perfect, the figures 
thus obtained do not strictly represent a function embracing the 
heat quantities tabulated. Considering these as relative figures 
only, there appears no reason why, imposed conditions of opera- 
tion being equal, they should not be comparable within 1 per cent 
total variation, whereas the over-all results, as is usual with such 
values, call for considerable latitude of judgment. 

45. In bringing results for all of the tests together in Table 
16, it is not intended to imply that the results for all tests are 
strictly comparable. They are brought together to give a survey 
of the results not afforded by other tables. Tests 1 to 20, as else- 
where pointed out, were made under different conditions of furnace 
control than were those of succeeding tests. 

Values for the radiation and conduction losses were not 
obtained for tests 1 to 27, and hence a proper presentation of those 
tests is difficult. At the outset of the tests, it was expected that 
inasmuch as the boiler was housed in an independently heated 
building, variations from that source would be small. That be- 
tween tests run some weeks apart the variation would be as shown 
was, however, not expected. Upon the disclosure of the condi- 
tions, it was at first thought that the results of tests 1 to 27 should 
be rejected. Careful analysis of those results, however, does not 
disclose marked variations within any one fuel series which can 


*Por the major number of tests made at St. Louis by the U.S. Geol. Survey, it was 
shown that between 80 and 87 per cent of the heat in the gases above steam temperature 
was absorbed. ‘A Study of Four Hundred Steaming tests”’ Bul. 325, U.S. G.S., p. 147, 
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not be approximately accounted for by other occurrences on rec- 
ord. For this reason and because their value for the other 
objects of the investigation has not been affected, they have been 
included in the report. Equal reliability of the results of tests 1 
to 27 as representing the conditions that existed is not questioned. 
The value of these tests as a basis for comparison of the relation 
of grade to economy is affected, however, for the reasons given. 
If the tests serve no further purpose in the present connection 
than to emphasize the importance of reliable flue gas data in ex- 
perimental boiler and furnace work, the prominence given them 
will not be without value. 

46. The averages shown for the results of each fuel series 
give a hasty review of the results. In making them, values for 
tests run at relatively high or low horse-power or rates of com- 
bustion have been excluded, as have likewise certain other values 
which preceding analyses have shown to be in question. 

For purposes of more accurate comparison, these averages are 
supplemented by Table 17. The tests compared therein with one 
exception, test 52, fuel 6.0200W, represent tests at approximately 
210 H. P., and are tests selected especially because of their 
uniform furnace operation and conditions. FH'or fuel 6.0200 W, 210 
H. P., was not obtainable. The items ofthe table are compiled from 
Table 16. The ratios at the lower part of the table are taken with 
respect to the items for test 60, fuel 4.0703 W. 

47. Size of grade and air proportion.—The relation of the com- 
parable values of column 8, Table 17, to the various heat quantities 
has been discussed at length. It is also important to look upon 
the variation of value from the relationship of size and air pro- 
portion. Keeping in mind the minor modifications introduced by 
variations in the heat delivered per pound of fuel, the following 
is of interest. 

48. Air enters the furnace through the active fuel bed and 
through leakage points outside of the fuel bed. With any con- 
stant draft pressure, the relative proportion of the total air sup- 
ply entering through each source of entrance is proportional to 
the separate resistances of these sources. The resistance at 
entrance points outside the fuel bed is practically constant, but 
the resistance of the fuel bed (neglecting other modifying factors 
for the present) depends upon the sizes of the interstices between 
the coal particles. Thus the leakage relative to the total air 
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TABLE 17 Heat VALUES AND ECONOMY—BASED ON COMBUSTIBLE AS 
FED (SELECTED TESTS) 
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Heat Quantities | 5 6.0200 W 14166 13458 12956 411 8782 
56 4.0300 W 13954 13188 12239 450 8405 
60 4.0703 W 14171 13414 13131 725 10808 

| 

30 5.1610 W 1.021 1.036 1.035 0.870 0.981 
31 7.1610 — 1.020 1.038 1.035 0.846 0.994 
Ratios 38 5.1008 W 1.022 1.036 1.038 1.018 1.039 
: 52 6.0200 W 1,000 1.004 0.987 0.567 0.813 
56 4.0300 W 0.984 0.983 0.932 0.621 0.778 
60 4.0703 W 1.000 1.000 1.000 1.000 1.000 


increases as the compactness of the fuel bed increases, and in in- 
creasing proportion as it becomes necessary to increase further the 
draft pressure to give the same rate of combustion or horse- power. 

49. The size of the interstices between the coal particles 
increases with the size of the coal particles, consequently with 
large grades of uniform coal a large proportion of the total air 
passes through the fuel bed. As the interstices are further in- 
creased, however, a condition is reached where a part of the air 
may pass through the fuel bed without coming into contact with 
either gaseous or solid combustible. Thus the fuel bed itself be- 
comes an entrance for excess air. Between the large size, there- 
fore, with excess air entering the furnace through the fuel bed, 
and perhaps by leakage as well, (some excess is needed with vola- 
tile coals for the combustion of the gasified hydrocarbons), and 
fine sizes with a large proportion of leakage, a size will be found 
for which a minimum excess occurs. This general consideration 
would apply more strictly to a non-clinkering and free-burning 
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coal, except for very fine sizes. Clinkering, caking, and with fine 
sizes, the formation of craters in the fuel bed, modify the conditions. 

50. Ash—It is held, hypothetically, that the presence of ash 
particles in the fuel bed decreases the chance of the air 
coming in contact with the solid coal substance, and, depth of 
fuel bed constant, that the proportion of excess air should in- 
crease with increased percentage of ash. Analyses of 286 tests 
at St. Louis*, however, do not show that this is true in con- 
nection with the plain grate for ash percentages below 16 per 
cent, but it was shown thatclinkering of the ash is of more seri- 
ous consequence because of obstruction of the grate. The extent 
and seriousness of clinkering depend upon the fluxing properties 
of the ash, the temperature of the fuel bed and the quantity of 
ash present. Parenthetically, it should be said that the mere 
presence of ash in quantity does not induce clinkering; in fact, 
ash which fuses in a hot fuel bed may, by its presence in large 
amounts, operate to prevent clinkering by inducing excess air 
cooling of the fuel bed and furnace. 

51. Tests with the chain grate stoker, by Mr. W. L. Abbottt, 
to determine the effect of varying percentages of ashpit refuse 
added to No. 4 washed coal, show the following results for per- 
centages of ash below 25 per cent. 


TABLE 18 
Per cent of Ash nee 
in Dry Coal Efficiency 

iH 59.0 
@ 57.0 
20 61.5 
a 56.0 

ce 57.0 


For percentages of ash above 30 per cent, Mr. Abbott’s results 
varied widely, as might be expected. Results for the lower per- 
centages show no greater variations than are usual to over-all 
results. 

52. The percentage of ash for the tests of Table 17 range from 
9 to 16 per cent, dry coal basis, and it appears from the results 
just quoted that except for tests of fuel 5.1006 W, in which serious 
clinkering occurred, no important variations are to be ascribed to 
ash, but that the excess air quantities, (see p. 80), under the test 
conditions, are to be considered as characteristics of the grade 


*Bul. U.S, G.S, 190. p, 39, 
tJour. Wester Soc. Engrs. Vol. 11, p. 529. 
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sizes. This would in fact be true under any consideration since 
the percentages of ash in washed grades have a close relation to 
the grade size. 

In the paper quoted above, Mr. Abbott has shown a similar 
and remarkable relationship for specially prepared unwashed sizes 
based, however, upon size and efficiency. 


VIII. EFrrect oF DIFFERENT THICKNESSES OF FuEL BED 


53. In connection with the detailed statement concerning 
results set forth in Tables 5 to 14, a cursory examination of the 
effect of different thicknesses of fuel bed has been made. Itis 
intended here to summarize the general conclusions in that 
respect presented by the data. Aside from a general contribu- 
tion to the data on each grade, two points of interest in respect 
to the thickness of fuel bed have been under investigation. 

(a) The first of these was to determine whether any dif- 
ference in the amount of combustible matter in the ash-pit refuse 
would result for different thicknesses of fuel bed. 

(vo) The second point of interest relates to the deter- 
mination of whether or not a different economy would result for 
different thicknesses. 

54. Loss of Fuel in the ‘Ash and Refuse”.—Relative to the first 
question, it was thought that thick fuel beds, with their higher 
interior temperature and consequent higher temperature of the 
layer of ash beneath, together with the proportionately greater 
quantity of air which must necessarily pass through each unit 
area of the ash bed, would result in smaller ashpit loss; that is, 
according to the accepted notion of combustion and of the pro- 
tecting effect of ash in quantity, the chances of air coming into 
contact with the imbedded fuel particles are in proportion to the 
product of the rate of air flow and the time that the ash remains 
upon the grate. 

55. In Table 19, the averages of the available data for each 
thickness of fuel bed are given for the several grades. Compar- 
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y 
TABLE 19 RELATION or Loss OF FUEL IN THE “ASH AND REFUSE’ 
TO THE THICKNESS OF THE FUEL BED 
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ing these results with the conditions of fuel bed area, (columns 3, 
4, 5 and 6, Table 40), it will be seen that the variations in the latter 
had a minor effect upon the ash-pit loss. Comparing the ash- 
pit loss with the grate travel (column 12, Table 40). it appears 
that the latter per se, is not the factor in determining the per- 
centage of loss. This is verified by the fact that the slight varia- 
tions in the loss for the same grade and the same thickness of 
fuel bed show no relation to the difference in rates of combus- 
tion. 

56. The explanation of the variation of loss due to dif- 
ference in thickness for one grade, it is believed, agrees with the 
premise which led to the carrying out of the experiments. 

Inspection of the difference in loss with different grades 
for the same thickness of fuel bed shows that there is a general 
coincidence between increased loss and the increased ash in the 
coal, and likewise the amount of excess air used in burning the 
coal, factors which affect the depth and the temperature of the 
ash layer. That these two factors determine the difference 
between losses for different grades, when the variations due to 
irregularities of operation are minimized, seems reasonable, but 
the effects can not be shown separately in the data available. 

57. Hfect of Thickness of Fuel Bed upon Economy:—Coke, just 
as anthracite coal, requires a moderately thick fuel bed in order 


b. Tests 25 and 26 not included. 
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that the air supplied through the bed may be satisfactorily util- 
ized. For bituminous coal, on the other hand, because of the 
volatile matter gasified in the voids between the coal particles, a 
much thinner fuel bed suffices. In the combustion process upon 
mechanical stoker grates, conditions are peculiar; at the feed end 
of the grate bituminous coal is under combustion with a deficiency 
of air, while over a greater or less portion of the grate, coke is 
under combustion with a thin fuel bed, and therefore with the possi- 
bility (depending upon the size of the fuel and the degree of cak- 
ing which has occurred) of a greater or less excess of air. Thus 
the relative depths of fuel along the grate from the feed gate to 
the ashpit are the reverse of what would be considered good prac- 
tice in hand firing. It has usually been assumed that thicker 
fuei beds for the chain grate stoker result in less excess of air 
and better economy. To what extent this would affect the choice 
of thickness of fuel bed in the comparison to be made of grades, 
became naturally a question for investigation. 

58. Two series of experiments withthe chain grate by W. L. 
Abbott*, one with No. 5 washed coal at a depth of fuel bed from 
4.5 to 8.5 inches, and one with washed screenings at depths from 
4 to 12 inches, resulted in minor variations only in the efficiency 
Ee. In explaining his results, Mr. Abbott concluded that “‘under 
these conditions, a thin fire increases the loss due to excess of 
air, but decreases that due to smoke and incomplete combustion. 
On the other hand, a thick fire reduces the excess of air, but in- 
creases the smoke and escaping combustible gas.” The experi- 
ments were made in connection with a Babcock and Wilcox boiler; 
and to the length of the vertical pass, 14 tubes high, Mr. Abbott 
speculatively attributed some of the influence toward constancy 
of results. 

59. With the equipment used in the experiments of the pres- 
ent paper, no smoke results under proper operation at any thick- 
ness of fuel bed, so that previous opinion seemed to confirm the 
expectation of a difference in results under such conditions. In 
outlining the experiments, thicknesses of fuel bed to be used were 
confined to those usual in practice. In the first few experiments, 
it became apparent that any differences in results due to different 
thicknesses of fuel bed were small, and it appeared extremely 
doubtful whether they could be shown upon the basis of over-all 


~ * Jour. Western Soc. of Engineers, Vol. 11 p. 529- 


60 ILLINOIS ENGINEERING EXPERIMENT STATION 


results. The results up to test 27, due to the failure to obtain 
satisfactory flue gas samples, gave no indication as to how much 
the resulting efficiencies might be affected by radiation losses; 
consequently, tests 28 to 34, 87 to 40 and 45 to 52, were intended 
to be suitable for closer comparison. 

60. All tests intended for comparison in this respect were to 
be run with a developed horse- power of as nearly boiler rating as 
possible; but in order that they might be consistent with the 
general plan to maintain as nearly an even rate of combustion as 
possible throughout any one test, and thus be available for 
other comparisons, they vary slightly above or below, depending 
largely upon the closeness with which the draft requirements 
were pre-estimated. For the smaller sizes of fuel, however, the 
problem as previously noted resolved itself into a determination 
of the most favorable conditions for maximum results and the 
results obtained are generally not only below 210 horse-power but 
themselves vary considerably. 

Other desirable features in order that the results should be 
free from modifications in the air supply not due to variation in 
the thickness of fuel bed, are: 

(a) Uniformity of the fuel. 

(b) Uniform area of the fuel bed. 

(c) Uniform conditions of the fuel bed. 

(dq) Uniformity as to clinkering or caking. 

(e) Leakage influenced normally in respect to draft pres- 

sure. 

61. Taking these desiderati into account, and guided by the 
exacting criticisms of the data that have been made in connec- 
tion with the discussions of Table 5 to 14, a number of tests have 
been rejected. Those which conform more closely are tabulated 
in Tables 20 and 21. The following tests have been used in these 
tables: 

Fuel 5.0200W,—tests 12, 18, 14, 15 and 16. 

Fuel 4.0700W,—tests 17, 18, 19 and 20. 

Fuel 6.0402 W ,—tests 21, 22, 23 and 24. 

Fuel 5.1610W,—tests 28, 29 and 30. 

Fuel 7.1610—,—tests 31, 38 and 34. 

Fuel 6.0200W,—tests 48, 50 and 51. 

Fuel 5.1006W,—tests 88, 39 and 40. 
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62. The tests of fuel 5.1006W were affected by increased 
clinkering with increased thickness of the fuel bed. This feature 
seemed to be characteristic of thisfuel. However, the three tests 
need not be given the same weight as the other tests selected. The 
tests of fuel 5.0602W, Table 22, may be usefully reviewed in this 
connection, for although the fuel bed areas were irregular as 
compared with the conditions for the tests of Tables 20 and 21, 
and although no attention was given to diminish sources of air 
leakage (the general efficiency was uniformly low on this 
account), it will be seen that the results for the different thick- 
nesses of fuel bed are parallel to those of the closely similar 
grade 6.0402W. The lesser values for the 6-and 7-in. beds, as 
previously stated, page 25, are partly attributable to irregularity 
of the grate performance. 


TABLE 22 Fur. 5.0602 W 


: rn Per cent of Total “Boiler and 
a ee Combustible Furnace” Effi- 
ae, Lost in th i E 
inches Item 73.1 CS inate CLIN OY: 

Ash and Refuse Item 72.1 
4 64.72 2.91 66.66 
5 64,42 2.60 66.16 
6 61.91 2.20 64.38 
¥ 62.00 1.%3 63,09 


63. The values for the furnace effect in Table 21, columns 
5, 9 and 18, eliminate the variations due to radiation losses for 
those tests and serve as a qualitative check on the direction of 
the variations. For the fuel 7.1610—, the figures indicate that 
a decreased excess air resulted with thickened fuel bed. No 
difference is shown for the 5-and 6-in. fuel beds of fuel 6.0200W. 
For the fuel 5.1006W an increase in the excess air with thickened 
fuel bed is shown. Column 6, Table 24, gives directly the excess 
air figures for these tests. Inspection of the results for the dif- 
ferent fuels shows, except for fuels 5.1006W and 5.0602W, a vari- 
ation in the over-all efficiency E, of less than 2 per cent for the 
range of thickness tried. 

64. The tendency toward decrease in ashpit loss as the fuel 
bed is thickened, has already been noted. Decrease in ashpit loss 
has its proportionate effect upon the over-all efficiency, so that 
the effect of different thicknesses upon the utilization of the air 
supply would be better shown by the efficiency Hy. 


MCGOVNEY—TESTS OF WASHED GRADES OF ILLINOIS COAL 63 


65. The effect of radiation and conduction losses for the 
tests of Table 20 and for the fuel 5.0602W cannot be shown. For 
those tests for which values for the radiation and conduction 
losses have been obtained, Table 16, it will be noted that the 
variations in those losses are not great for tests of one grade 
which were run at approximately the same rate of combustion, 
though exception must be made for the tests of fuel 5.1006W in 
which various irregularities occurred. These facts may be 
noted by inspection and it will be seen that the conclusions based 
upon the selected data above, it so happens, are not modified. 

66. The reason He fails to show a definite increase with in- 
crease in the thickness of the fuel bed, must be explained by the 
facts that leakage of air otherwise than through the fuel bed 
proper is proportional to the draft pressure, while the total rate 
of air flow is approximately constant under the conditions. Com- 
pare column 6, Table 24, for the tests analyzed. Stated in other 
words, the resistance of the natural leakage points is more nearly 
constant than is the fuel bed resistance which increases with in- 
creased thickness of the fuel bed. 

67. Since the variation in results due to different thick- 
nesses of fuel bed is only of such magnitude as may result 
from slight irregularities in furnace control, and is smaller than 
those due to possible irregularities under ordinary operation, it 
is evident that the selection of fuel bed depth should be governed 
by the attention required for uniform results. The test records 
from the furnace observer’s report show that a five-inch fuel bed 
is most satisfactory for the fuels below the size 1% to 1; for the 
latter size, a 6-in. fuel bed was preferred. 


IX. RELATION OF GRADE TO THE RATE OF COMBUSTION 
AND HORSE POWER 


68. In the various tabulations given elsewhere in the report, 
the rates of combustion and horse-power obtained as results of 
the experiments are included. With the exception of those grades 
that show a maximum rate within the limits of the experiments, 
there is no doubt that the grades tested should give any range in 
rates of combustion desirable for stationary practice, provided 
suitable draft capacity is available. 
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69. Very satisfactory means are at hand for a comparison 
of the economic values of fuels, and it seems that some means of 
comparing rate of combustion and horse-power would be of com- 
mensurate usefulness. Obviously, such a comparison must give 
due consideration to draft conditions, and in any steam plant it 
would be most direct to compare fuels under the draft conditions 
prevailing. Mr. Abbott’s tests show an interesting comparison 
of power obtained with various fuels under restricted draft con- 
ditions. 

70. Numerous factors modify draft conditions, suchas height 
and capacity of chimney, capacity of the draft fan, difference in 
the friction within the boilers, the capacity of the lateral flues, 
the number of furnaces served by each fiue, the rate at which 
they are driven, etc. To consider all of these factors makes the 
question of draft conditions an extremely complicated one, so 
much so that all efforts of engineers to formulate a rational treat- 
ment of the subject has been unsuccessful. Empirical and approx- 
imate formulas supplemented by the judgment of the designer, are 
relied upon in designing draft systems, so that until more rational 
methods are devised, the results obtained under one set of plant 
conditions naturally must be looked upon as restricted in their 
application. 

71. A satisfactory comparison of rates of combustion should 
eliminate all modifying factors except those of the furnace and 
the fuel, and the comparative figures obtained should be appli- 
cable to any condition of draft within the range of requirements 
of the fuels in question. 

72. Itis sometimes thought that a fundamental basis for 
comparing rates of combustion should be found in some arbitra- 
rily chosen draft pressure, but though the knowledge of draft 
pressure requirements for each separate grade is invaluable for 
proper furnace control, a comparison of the draft pressure re- 
quirements over an extended range for several grades will show 
that as many relative values for rates of combustion may be se- 
lected as there are possibilities of choosing a basic draft pressure 
value. This is true for a comparison upon the basis of the drop 
in draft pressure, whether the drop for the fuel bed, or the boiler, 
or the two combined is considered. These complications are, of 
course, due to the fact that the draft pressure is never a measure 
of the quantity of air supply except under very special conditions. 


a 
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It seems, therefore, that a logical comparison must necessarily be 
based upon factors that are fundamental in the actual combus- 
tion of the fuel and not upon incidental factors. 

73. In the comparisons made below, the principles set forth 
on page 18 are made use of. It is evident that at a constant rate 
of air supply, the “ratio of the air used to the air supplied” is 
equal to the ratio (at constant rate of air supply) of the weight of 
fuel consumed, to the weight of fuel which it is possible to con- 
sume under complete utilization of the air supplied. 

This ratio is termed here the relative rate of combustion. 

Rate of combustion obtained 
Maximum possible rate 
_ air used per pound of fuel 
= : x 100 
alr supplied per pound of fuel 

74. Comparison of Rates of Combustion. The following com- 
parisons are based upon the principles just outlined. The values 
for the relative rate are those given in column 5, Table 24; the 
values for the volume of air supplied per second are those of column 
6 of the same table. A review of the comparisons made under 
three (8) below will show that it is not essential that the figures 
for the volume of air supply exactly agree. 

(1) A comparison of the larger grades upon the basis of 1.5 
cu. ft. of air per sq. ft. of grate surface per second is as follows: 


The relative rate = x 100 


: Rate of 
Test No. Fuel Relative Combustion 
(Test Data) 
30 5.1610 W 5.0 19.35 
34 WAClO==— 56.3 21,02 
43 5.1006 W 63.8 24.45 
63 4.0703 W 64.7 24.55 


(2) Comparison of three smaller grades and the fuel 7.1610— 
at 2 cu. ft. of air supplied per second shows: 


. Rate of 
Test No. Fuel EOS Combustion 
(Test Data) 
36 TAGLO== 54.2 26.05 
44 5.1006 W 58.5 30.10 
56 4.0300 W 42.4 21.70 
47 4.0200 W 33.2 16.62 
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(3) Comparisons within individual’grades with respect to 
relative rates of combustion with various rates of air supply show: 


Fuel 4.0300 W 


Air Relative Rate of 
Test No.| Supply Rate Combustion 
(Test Data) 


54 1.808 37.0 16.81 4 
53 2.036 39.3 20.45 
55 2.093 39.4 20.71 
56 2.095 42.4 21.70 


Fuel 6.0200 W 


49 1.7385 30.6 13.27 
50 1.759 36.0 15.86 
51 1.860 35.4 16.28 
48 1.888 35.1 16.81 
add 1.919 28.2 13.35 
52 1.933 37.2 17.80 
b47 2.026 33.2 16.62 
a46 2.154 29.2 15.71 


a. Very dry fuel. 
b. Very wet fuel. 


Fuel 5.1610 W 


30 1.42 55.0 19.61 
29 1.461 52.31 19.06 
28 1.481 52.41 19.35 


NoTE 1. Gas sample diluted by leak. 


Fuel 7.16L0— 
31 ~ 1.408 55.8 19.32 
32 1.4232 54.02 13.90 
33 1.466 56.2 20.44 
34 1.507 56.3 21.02 
35 1.664 56.9 23.40 
36 1.943 54.2 26.05 


NOTE 2. Gas sample diluted by leak. 


Fuel 5.1006 W 


42 0.96 64.6 15.92 
38 1.102 65.8 17.88 
39 1.166 65.1 18.32 
40 1.2338 63.03 19.03 
41 1.396 65.9 23.51 
43 1.503 63.8 24.45 
44 1.997 58.5 30.10 


NOTE 3. Fuel bed clinkered badly. 
Fuel 4.0703 W 


64 0.655 72.5 12.33 
59 0.847 71.6 15.73 
60 1.088 64.8 18.27 
61 1.230 63.9 20.10 
57 1.250 65.2 20.71 
58 1.266 64.4 20.68 
63 1.480 64.7 24.55 
62 1.589 63.1 25.79 


ae pe 
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Inspection of these tabulations shows for the larger grades a 
tendency toward decreasing relative rate as the rate of air supply 
and the rate of combustion increase; with the fine sizes an opposite 
tendency is shown, but with all grades the average magnitude of 
the relative rate characterizes the fuel grade. This comparison 
it will be observed, is simply a special adaptation of the air 
supply data. 

75. Comparison of Horse-power. No fundamental unit of com- 
parison of the power obtainable with various fuels is at hand as 
there isin the case of the rates of combustion. However, since at 
constant temperature of the gases the horse-power developed is 
principally determined by the rate of air supply, comparison upon 
the basis of equal rate of air supply and the actual horse-power 
obtained appears to be most logical. A comparison in this man- 
ner is made below. The results, however, apply only tothe 210 
H. P. boiler supplied by a grate area of 38.2 sq. ft., and since actual 
figures and not ratios are compared, accuracy in this demands 
that the air supply in each case should be the same. In the com- 
parisons made, horse-power values at rates of air supply 
closely agreeing in value with the rate of air supply taken asa 
reference datum, have been chosen and a correction has been ap- 
plied in each case by multiplying the values by the ratio of the unit 
rate of air supply chosen to the actual rate of air-supply, the 
assumption being that for moderate variations in the rate of air sup- 
ply and horse power, the efficiency variation would be negligible. 


1. Air supply, cu. ft. per second = 1.5 X* 38.2 


1 1 wy Caer eon 
‘ d to basis o 
Test No. Fuel Air Supply lel dee si Bou. ft. of 
air supply 
30 5.1610 W 1.421 215.3 227.0 
34 7.1610 = 1,507 231.9 231.0 
43 5.1006 W. 1.503 271.5 270.5 
63 4.0703 W 1.480 283.1 286.7 


2. Air supply, cu. ft. per second = 2.0 X 88.2 


H.P. Correct» 
ed to basis of 
2 cu.ft. of 
air supply 


Test No. Fuel Air Supply H. P. 


36 Oe LO10 = 1.943 275.0 282.9 
44 5.1006 W 1.997 321.8 322.0 
56 4.0300 W 2.095 210.4 201.0 


47 6.0200 — 2,026 151.4 149.5 
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X. DRAFT AND DRAFT PRESSURE REQUIREMENTS 
OF THE DIFFERENT GRADES 


76. Inspection of the draft pressure data given in Tables 5 
to 14 and in the curves numbered 2 in Fig. 1, 8, 5, 6 and 8, will 
show the characteristic differences in the draft pressure require- 
ments for various rates of combustion of different grades. The 
rate of increase of the drop in draft pressure through the 
fuel bed and grate as the rate of air supply is increased, 
is shown for five grades by the slopes of the curves in 
Fig. 10. The curves are shown to be straight lines within work- 
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Fig: 10: Air Supply to Furnace and the 
Corresponding Drop in Draft Pressure. 
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ing range. Below the ranges shown, such curves, it is known, 
bend toward the horizontal. Variation froma straight line within 
the range of these experiments is due to an increased proportion 
of leakage induced by irregularities in the fuel bed or by clinker- 
ing or caking. The curve for fuel 4.0300 W shows the influence 
of gradually increased caking. As previously noted, the smaller 
grades, 6.0200 W and 4.0300 W reach a maximum respectively at 
about 2.0 and about 2.1 cu. ft. of air supplied per square foot of 
grate surface per second. The air actually passing through the 
fuel bed itself was, of course, in all cases less than the amounts 
shown. 

77. General Draft Relations. For the purpose of showing the 
comparisons in Table 23, one test with a 5-in. fuel bed and at as 


TABLE 23 Arr SUPPLY AND DRAFT PRESSURES FOR GRADES 
TO DEVELOP THE BOILERS’ RATED CAPACITY 


5-inch thickness of fuel bed 


Drop in Draft Pressure 
: through Combus- 
eet tible Con- 
D Fuel sumed 
Index No. |TestNo.| Horse cu, ft. CO2 Fuel , per sq. ft. 
Power |Persa.ft.|Percent) ana crete Boiler | of Grate 
of Grate Grate Boiler Surface 
per sec. inches | jncnes | imehes | per hour, 
Water Water Water pounds 
1 2 3 4 5 6 7 8 9 
5.1610 W 30 215.3 1,421 9.38 0.10 0.32 0.22 19.61 
7.1610— 31 216.2 1.408 9.32 0.09 0.32 0.23 19.32 
5.1006 W 38 211.5 1.102 11.09 0.09 0.238 0.14 17.85 
4.0703 W 60 214.8 1.088 11.26 0.11 0.24 0.13 18.27 
4.0700 W 17 VAS ena coee fl mnerer 0.18 0.45 0.32 19.92 
5.0602 W 8 DIGeB 0 | Meester el ceceete 0.09 0.32 0.23 19.71 
6.0402 W 23 POU OM uli meseecse 05|| | eaieretele 0.11 0.35 0.25 17.28 
4.0300 W 56 210.4 2.095 6.90 0.38 0.89 0.51 21.70 
6.0200 W 52 175.5 1.933 6.20 0.36 0.83 0.47 17.80 


nearly boiler rating as possible, was made with each grade. 
Tests 8 and 17 as elsewhere explained are not directly com- 
parable with the tests of the remaining grades. With increased 
attention to the fuel bed for those tests, less air for the same 
horse-power would have resulted, and consequently the draft 
pressure drop through the boiler would have been less. 
With fuel 6.0200 W, 173.5 horse-power was developed. The 
builders’ rated horse-power as previously noted was not ob- 
tainable with that fuel. Air supply figures are not calculated for 
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those tests for which the flue gas samples were unsatisfactory. 
In these tests, as in all tests, the quantity of excess air could 
have been reduced by keeping the fuel slightly banked at the rear 
of the grate. In so operating, increased temperature of the furnace 
gases and corresponding decreased draft requirements throughout 
for the same horse-power developed would result, but with un- 
certain effect upon the ashpit loss and the over-all economy. 


XI. AIR SUPPLY 


78. In Table 24 are presented the various air supply data 
for tests 28 to 64. A description of the manner of taking the gas 
samples, upon the analyses of which computations of these items 
are based, is given on page 117. Theitems of columns 8 and 4 have 
been referred to the basis of one pound of combustible consumed. 
Multiplying them by the factor (100-c) + 100 will convert them to 
the basis of one pound of combustible as fed, where c is the per 
cent of carbon in the ash and refuse referred to the combustible 
as fed. The ratios, columns 5 and 6 and the rate column 8 are, 
of course, independent of the fuel unit. 

The items in the various columns were calculated as follows: 

Column 8. Weight of air supplied per pound of combustible con- 

sumed, 
= N y, Osa e 
.83 (CO, + CO) 100 — ¢’ 
where WN, CO, and CO denote respectively the percentages of nitro- 
gen, carbon dioxide and carbon monoxide in the flue gases as 
given in Table 86, C denotes the per cent of carbon in the com- 
bustible = Item 87.1, Table 89, and c the per cent of combustible in 
the carbon lost in the ash and refuse. Column 5, Table 15. 
Column 4. Weight of air used per pownd of combustible con- 


sumed, 
a: N— 3.77 X Oy C—e 
.883 (CO, + CO) ~~ 100 — e’ 


where O denotes the percentage of oxygen in the flue gas. 
This item gives the minimum air requirement for the com- 
bustible composition consumed. 
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Column 5.| | Ratio of air used to air supplied, per cent, 
= Column 4 =~ Column 5. 
It also may be obtained directly from the flue gas analysis by 
means of the formula, 


Alt wsed jae Ni 8. 020). 
Air supplied N 
Column 6. Ratio of excess air to air used, per cent, 
pee) 
Te Ta @) 


Column’ 7, Weight of dry flue gases per pound of combustible fed, 
my Lt COssr 30 SCO N) 5 Ca 
3 (CO, + CO) 100 
Column 8. Cu. ft. of standard air per sq. ft. of grate surface per 
Sec., 
= (Column 8 X lb. of Comb. consumed per sq. ft. 
of grate surface per Hr. X 12.39) + 3600. 

79. The resulting air supply items of this table are extreme- 
ly interesting in that they show the principal cause of variation 
in the economic results of the tests. The relation thereto and 
the relation to the rate of combustion have been discussed in the 


preceding pages. 
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TABLE 24 AtR SUPPLIED 
Air per lb. of 
Combustible Con- As Se 
sumed g ia acd SIRS) 
so. < oe StS cp 
ore Ds a Ge} aS) 
ro) ne o AS 
Pag | 382 | gs2 | 8% 
eas xt e nas Sos 
é to} acy o erd q 
No. Laboratory File No, o ee ao 625 aon 
a s HNG wo B iS ° a Ae 
2 D Oise ote one 38 
5 = Ons oo ae POH 
3 : “a ery & ie) aH Do; 
a Zz 3 3S me 35 
Fo} 4 4 m4 HS oa 
4 A 
1 2 3 4 5 6 7 8 
28 938—5.1610 W 22.28 11.67 52.4 90.94 22.19 1.484 
29 94— Be 22.21 11.60 52.3 91.51 21.94 1.457 
30 Ys be 21.05 11,58 55.0 81.76 20.75 1.421 
31 96—7 .1610— 21.55 12.05 55.8 79.29 21.00 1.432 
32 oi ae 21.88 11.82 54,0 85.09 21.63 1.423 
33 98— 3 20.85 11.72 56.2 77.93 20.65 1.466 
34 99— a 20.83 11.73 56.3 77.56 20.60 1.507 
35 100— ue 21.30 11.96 56.9 75.70 20.50 1.692 
36 101 He 21.67 11.%5 54.2 84.41 21.43 1.943 
37 102—5.1006 W 19.00 11.96 62.9 58.82 18.99 1.278 
38 104— ee 17.93 11.81 65.8 51.81 17.86 1.102 
39 107 as 18.50 12.05 65.1 53.52 18.38 1.166 
40 109— : 18.83 11.86 63.0 58.70 18.75 L233 
41 1t0— ks 17.25 11.37 65.9 51.73 17.32 1.396 
42 iPr i 17.91 11.58 64.6 54.83 17.62 0.980 
43 UW a a 17.86 11.40 63.8 56.65 17.89 1.503 
44 ij4— a 19.27 11.28 58,5 70.82 19.28 1.997 
45 115—6 .0200 W 41.77 11.73 28.2 256.11 38.54 1.919 
46 116— BS 39.84 11.65 29.2 241.86 38.35 2.154 
47 | ee 4 35.41 11.72 33.2 202.25 35.08 2.026. 
48 118— a 32.64 11.51 35.2 183.64 31.72 1.888 
49 1L19=> i 38.00 11.72 30.9 224.33 36, 34 1.735 
50 120— ‘ 32,23 11.60 36.0 177.93 30.80 1.759 
51 121— - 33.20 11.65 35.1 185.12 32.17 1.860 
52 122 31,56 11,71 Sie 169.47 30.76 1.933 
53 124—4 .0300 W 28.93 11.35 39.3 154.85 27.33 2.036 
54 125-= oy 31.25 11.56 37.0 170.45 29.65 1.808 
55 126— aa 29.37 11,58 39,4 153.57 27.94 2.093 
56 ei 28.05 11.89 42.4 135.87 26.40 2.095 
57 128—4 .0703 ‘W 17.54 11.438 65.2 53.46 17.32 1.250 
58 129— a 17.79 11.43 64.4 55.70 17.82 1,266 
59 130— - 15.66 11.21 71.6 39.67 15.52 0.847 
60 131— rr 17.30 11.21 64.8 54.34 17.31 1.088 
61 132— i 17.78 11.36 63.9 56.52 17.72 1,230 
62 133— ; 17.90 11.30 63.1 58.47 17.87 1.589 
63 134— A 17.52 11.33 64.7 54,63 17.47 1.480 
64 135— 15.45 11.20 72.5 37.88 15.49 0.655 
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APPENDIX I 
THE TESTING PLANT 


81. Equipment Used.—The equipment especially provided for 
the steaming tests of fuels is located in the south bay of the Me- 
chanical Engineering Laboratory. It includes a 210 horse- power 
Heine water-tube boiler, designed for a working pressure of 160 
pounds, a Green traveling link grate and furnace, a Sturtevant 
induced draft apparatus and economizer,* and the usual small 
auxiliary apparatus. Additional equipment for use in experi- 
mental investigations includes the usual and special apparatus for 
weighing the coal and ash, for weighing and measuring feed 
water, for determining pressures, temperatures, and the quality 
of the steam, and for sampling and analyzing gases. Special ap- 
paratus for high temperature measurements which are available 
includes the Wanner optical pyrometer, Fery radiation pyrome- 
ter, thermo-electric, and platinum resistance thermometers. 

82. General Plan.—The general plan of the testing plant is 
shown in Fig. 11. This arrangement was adopted with the object 
of facilitating experimentation, but was limited somewhat by the 
available floor area. The space occupied by the plant is 30 by 45 
feet. The floor is of concrete, and all water supply pipes, drains, 
exhaust pipes from the auxiliary engines, and the blow-off pipes 
from the boiler, are laid in concrete trenches which connect at the 
rear of the plant with a 24-by 24-inch branch of the main labora- 
tory pipe tunnel. The trenches are covered with cast-iron floor 
plates flush with the floor. The 24- by 24-inch trench, carrying 
the blow-off pipe and drains, leads through the south wall of the 
building and discharges into a creek running near by. 

To provide easy access to the breeching and upper parts of 
the boiler, there is a deck surrounding the setting on three sides 
and extending to the south wall of the building at an elevation of 
103 ft. This is constructed of iron channels supported by iron 
columns and wall brackets. The floors are of iron grating and 
plates. It extends along the west wall and joins the central gal- 
lery of the building, and along the south wall toward the rear of 
the boiler room opens into a 14 by 24 ft. laboratory at the same 
elevation, (Fig. 11 and Fig. 14.) Atthe front of the boiler, (Fig. 12,) 


*Not used in the present experiments. 
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Fic 12. FRONT Virw or BOILER Room 
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Fic. 14. LABORATORY FOR GAS ANALYSIS 
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a short stair leads to a platform grating surrounding the uptake 
and header, and on the main deck at the foot of these stairs are 
located the feed water weighing tank and injectors. The 14-by 24- 
ft. laboratory, Fig. 14, is used for all observations that can be 
made at a distance from the boiler. Here are located the aspira- 
tors for drawing gas samples, apparatus for gas analysis and the 
various kinds of indicating and recording apparatus for tempera- 
ture measurements. A 3- by 7-ft. stone-capped instrument pier 
is provided to support galvanometers and delicate instruments. 

Fig. 11 shows, also, the location of a Foster independently 
fired superheater which is a part of the general equipment of the 
Steam Engineering Laboratory. 

82. Boiler and Combustion Chamber.—The Heine water-tube 
boiler installed in this plant is similar in every respect to the 
boilers which were in use for some two years at the fuel testing 
plant of the United States Geological Survey at the World’s Fair 
Grounds, St. Louis, and with the exception of material used in 
the construction, the setting is the same and the boilers similarly 
baffled. The essential difference is in the furnaces, the Geological 
Survey’s boilers being equipped with plain and with rocking 
grates. 

A sectional elevation of the boiler is shown in Fig. 15 and the 

‘baffling and other features of the setting in Fig. 16. The walls of 
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the setting are 20 in. thick with a 2-in. air space as shown. Hard 
face brick, closely laid, were used on the outside walls, and in 
the furnace, combustion chamber and gas passage, the fire brick 
lining extends to the top row of tubes. Regular Heine C tube 
tiles are used in the construction of the combustion chamber roof 
which extends to within 43 inches of the rear water leg. 
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83. The Principal Dimensions of the Heine Boiler, and the trav- 


eling link grate and furnace are as follows: 


Rated horse- power cs. sncse soe ae 210.0 
Number of steam drums ......... Ree ae ee ees 1 
Length of steam drum... sade ccn ee ae ae OC Onemetreee 21.5838 
tnaside diameter Of drum...) ee CReS eee 
Number of tubes.. en SN tn 116 
Outside diameter of fines i. cei te kL WO Sarees 3.5 
Inside diameter of tubes. wees jn .IWCNES. 2c eo ee 20 
Mean length of tubes posed ee gases. .feet.. 17.875 
Kind of erate. 6... can cere neiene 2 no ene OCC Ora viOla celine 
Width of grate: > mss sein athe ae oe oe EDC OSS are irae 54 
Eitective length of erates... 2a. -a6.a. «oe aeDUs sa Oa 
Wreaof orate Suriace...js 4-4 dione s i toler ees LO einen Ooe 
IAtrea-Of- alr Spaceun Crate. : enc. sere see SO camer 8.25 
Ratio of air space to grate area. : ee 0.216 
Mean height of furnace pepren incre 

arch and bridge. walle. 2 -sniue se Sita pee CHC iy seme ten 48 
ength of ignition arch .....+69. sae eee Ces ae 48 
Mean height of ignition arch..............inches.. . wd 
ond: Of Ata tt Acccenter wos & «ATG OTe ee en MET eer PEE OE 
Height of stack above orton, Sag ae ee Ct See ree aD 
Diameter of stack.. ie ere 5 ree 40.0 
Sectional area of stacl Nei SOs 1 ee 1250 
Area of gas passage over the price ey TSQUan » «665 
Smallest area of gas passage between grate 

and lower baffle.. eee Je ee SO EL ern ares 1665 
Area of opening thronen Toren pafile.. .28Q-n. Loree 
Smallest area of gas passage between upper 

and lower baffle. . ature te SOs relGT2 
Area of opening farowes upper battle: SO. tive . 746 
Area of gas passage entering hreechive + a SOE Te tee 625 
Ratio of smallest gas passage to grate area............. tS 
Water heating surface in tubes.. ess Woke SO ete . .1900 
Water-heating surface in shell, ee aS. SSO tirade 127.4 
Total water-heating surface. . ae < SAP SOG ab pape eens 2027.4 
Ratio of heating surface to erate aueiacem SOR 538.1 
Total water. space... ... 72.4 (ees eee ee, 273 
Total steam space : «s,s J 955 eee ORE 85 
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84. Grate and Furnace.—The traveling link grate, Fig. 17, 
and furnace are the standard type supplied by the Green Engi- 
neering Company. Two features of this grate are the long flat igni- 
tion arch and the high bridge wall. The special ledge plates 
shown in the section B B, Fig. 16, are, however, a slight mod- 
ification of the standard installation, being so designed that for 
experimentation, a change can be made to a hand-fired grate with- 
out changing the walls of the setting. 


THE GREEN TRAVELING LINK GRATE 


Fic. 17. 
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85. The Water-Back.—The Harrington automatic water-back 
installed with this grate is indicated at Hin Fig. 16. It consists 
of two connected iron cylinders extending across the width of the 
grate, supported by the furnace settings and so hung that the 
lower one rides upon the ash and clinker, and is free to move in 
a circular are about the axis of the upper stationary cylinder. 
The free adjustability of the lower cylinder necessitates a flexible 
coupling to the water supply and for this reason the circulating 
water is supplied independently of the boiler. 

86. Ash Handling.—Ash from the grate is removed by means 
of a car which runs along a track at the bottom of the ash tunnel 
to the front of the boiler, where it is handled by a one-ton air 
hoist and jib crane for removal to trucks, or, first, to scales for 
weighing as desired. The ashpit is provided with a concrete hop- 
per fitted with a hinged door so that the ash may be retained in 
the hopper while the ash car is being emptied. 

87. Induced Draft.—The plan and elevation of the induced 
draft system and economizer are shown in Fig. 18. By reference 
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Fie. 18. SECTIONAL VIEWS OF THE INDUCED DrRaFrr System AND THE 
ECONOMIZER. 


to this it will be seen that there is a by-pass tunnel for the escap- 
ing gases so that when it is desired to cut out the economizer, 
damper C can be thrown to a vertical position, damper E set 


Se 
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at right angles to the center line of the economizer, and D 
raised to a vertical position. Provision is also made for direct 
chimney draft by leaving damper G as shown and setting Ff 
vertical, the draft pressure being controlled by an independent 
damper in the breeching or by the damper F. The height of the 
stack, however, is not sufficient for operation under chimney draft. 

The fan is a regular Sturtevant steel plate exhaust fan with 
blast wheel 5% ft. in diameter and 22% in. in width, directly con- 
nected to a 5 by 5 upright enclosed engine mounted on a sub-base 
which stands directly against the fan housing. The inner bear- 
ings of the engine are water cooled. Since installation, this en- 
gine has been fitted with a Waters’ throttling governor. 
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88. The Economizer.—The economizer was not used in these 
tests, but to complete the description of the plant a description is 
given. This economizer, one of B. F. Sturtevant Company’s 
standard design, consists of 80 pipes, 4 9-16 in. outside diameter 
and 9 ft. in length, giving a total heating surface of 1001 sq. ft., 
(4.77 sq. ft. per rated boiler horse- power independent of economi- 
zer), and a capacity of 5040 lb. of water. The pipes are arranged 
in twenty sections of four pipes each, and are staggered. The 
location of the economizer is shown in Fig. 11. The feed water 
connections are by-passed so that the economizer may be cut in 
or out at will. During the series of tests reported in this paper, 
the connections between the boiler and economizer were removed. 

89. Piping.—For supplying feed water to the boiler there are 
provided both injectors and a 43- by 2#- by 4-inch duplex steam 
pump; the latter is controlled by a Vigilant feed water regulator. 
All steam and feed lines are well lagged with magnesia covering, 
and all water by-pass valves are in duplicate, and the intervening 
dead space vented so that no undetected leakage can occur; flanged 
couplings are also used to provide for blanking off the by-pass 
lines when necessary. A similar arrangement of stop-off valves 
and vents is used for detecting leakage through the blow-off valves. 


‘“ 
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90. Setting Wall Diagrams.—The diagrammatic sketches, 
Fig. 21 and 22, which show opposite sides of the boiler setting, 
give the location of the points at which various routine and spe- 
cial observations have been taken. They are the permanent lab- 


Fig. 21. NorvtH SETTING WALL 


Fic. 22. Soutsa SErTiInc WALL 


86 ILLINOIS ENGINEERING EXPERIMENT STATION 


oratory record of such locations, consequently some openings ap- 
pear in the diagram which have been subsequently closed. 

The points 11 to 29, excluding 23 and 24, which are the fur- 
nace inspection doors, are openings used at various times for the 
measurement of draft pressure and temperature observations 
within the furnace or gas passage. 

Openings a, b, c_...-..-h, were used for special investigations 
relating to methods of gas sampling. See page 88. The points 
numbered in even numbers from 30 to 48 show the location of 
mercury thermometers imbedded in the surface of the wall; they 
are useful in keeping a check on the wall temperature. 

The openings 4, B, B,, C, (Fig. 21), ete., are used for special 
furnace temperature measurements with various types of pyro- 
meters and for observations relating to the extent of the flame 
within the combustion chamber. They consist of iron pipes ex- 
tending through the walls and capped on the outer end. The in- 
terior is observed through smaller holes in the caps, and the 
holes closed by sliding shutters between observations. 


APPENDIX Il 


EXPERIMENTS RELATING TO FLUE GAS DATA AND METHODS 
OF MAKING AND RECORDING FURNACE OBSERVATIONS 
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APPENDIX II 
SAMPLING FLUE GASES 


91. It is common experience that samples of flue gas taken 
simultaneously at different points across any section of the gas 
stream flowing through a boiler, show different proportions of air 
and combustion gases. This condition is due to the fact that the 
air supplied to the furnace is never uniformly distributed, and 
does not become diffused in the passage through the boiler; also, 
unless the utmost care is observed, samples taken at the breeching 


or across the base of the stack may be further affected by leakage - 


of air through the setting. The worst feature of the latter occur- 
rence, even when the analysis is desired only for computation of 
heat loss, is that such excess air has even less chance to become 
diffused than that entering the furnace. 

92. For the purpose of determining what the actual condi- 
tions were in this experimental plant, eight separate sampling 
pipes, perforated with +s in. holes along their full length were 
inserted at points a, b, ___--- h. See Fig. 21 and 22, page 85. 
The setting walls are of pressed brick and every precaution 
was taken to insure against leakage of air into the gas passages 
between the furnace and sampling tubes. The sampling tubes 
were connected by separate tubes to a large Richards aspirator. 
While the gas was thus being drawn at a uniform rate for all 
tubes, one-minute samples were simultaneously drawn from the 
tubes through connections. Four sets of samples were drawn 
in this manner on different days. Analyses of these are given in 
Table 25, which shows the percentage by volume of carbon dioxide 
in the gases. 


TABLE 25 VARIATION IN FLUE GAS SAMPLES 


TUBES 
Trial 
Carbon a | bd | e | da | e | f | g h 
Dioxide ! 
per cent 
A 4,2 4.8 4.6 4.6 5.6 4.2 5.2 4.2 
B 4.8 5.4 5.1 ele Wall iach ict! 4.5 
Cc 42 8.4 10.6 10.8 8.8 6.2 7.2 5.8 
D Af} *8.0 9.6 10,4 10.2 9.6 8.8 73 


93. The imperfect mixing of the gases and air as they come 
from the furnace is attributed to the fact that free air enters along 
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the sides and rear of the grate, and as there are no mixing baffles 
in the furnace and the boiler is baffled horizontally, the different 
streams are never wholly intermixed. The outside streams are 
consequently diluted. Tracing the course through the boiler of 
an imaginary layer of free air flowing into the furnace at the 
rear of the grate, will afford sufficient explanation for the dif- 
ference in dilution shown. 

94. Asa result of the conditions disclosed by these results, 
it was decided to try some means of mixing the gases, the outcome 
of which is the device shown in Fig. 23. This arrangement con- 


Side View 


Fear View and Section Outside Breeching Shown la Section, 
Fig. 23. SECTIONS OF BREECHING SHOWING FLUE GAS MIXING BAFFLES 
AND SAMPLING TUBES 

sists of a well insulated false or inner breeching, within which the 
gases are compelled to pass through a series of mixing baffles 
aod converge into an uptake constricted to 21 by 21 in., the lat- 
ter forming a sampling section across which the gases are thus 
compelled to flow with nearly uniform velocity. To prevent 
leakage from the outer breeching into this inner breeching, all 
seams are effectually closed with iron cement, the filling of insulat- 
ing sand acting as a further precaution. 

95. Three gas sampling tubes 1,2, and 3, Fig. 23, consisting 
of %- in. pipe, capped on the inner end, and perforated with a 
double row of 7s in. holes spaced 3 in. apart along the under side, 
were equally spaced across the gas passage. These were brought 
together on the outside by means of ¢-in. lead pipe uniting in a 
junction box, from whicha single lead pipe conducted the gas 
sample to the gas apparatus and aspirator. By means of tees in 
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the leads to the junction box, simultaneous samples could be 
drawn from each of the separate tubes while the aspirator was in 
action drawing the regular test sample. 
were taken in this manner during several tests, care being taken 
as in the previous experiments that the rate of sampling from 
was equal. The results of analyses of these samples 
An inspection of the results shows 


each tube 


are given in Table 26 and 27. 


A number of samples 


that marked improvement in the sample was thus effected. 


TABLE 26 ComMPpaARISON OF GAS SAMPLES DRAWN FROM 


SEPARATE TUBES FiG. 23 


Per cent Carbon Dioxide Per cent Carbon Dioxide 
No. 
‘ube Tube Tube Tube Tube Tube 
No.1  eNo.g 1 No Seo oee No.1_| No.2 | No.3 |*Verace 
1 (hh) ae 6.9 T.2 Pca 117 11.4 11.6 
2 (0705) ho) 6.8 Weal 10.7 10.0 ati 9.7 
3 fst) elt 6.8 Hea 9.8 8.9 m0) 8.9 
4 ii teal 10.9 10.6 10.9 9.9 9:9 8 9.5 
5 9.8 9.5 9.4 9.6 1132 10.0 0 10.1 
6 4.5 4.7 4.9 4.7 10.1 ee 0 9.6 
7 3.9 Se 3.7 3.8 11.4 AD sale. 11.4 
8 6.8 6.1 6.0 6.3 11.0 inlet 11.0 11.0 
9 6.7 6.5 5.8 6.3 9.2 9.2 2 9.2 
10 6.7 6.1 5.9 6.2 8.5 8.6 3 8.5 
11 6.2 6.0 5.8 6.0 ikea 10.5 A) git 
12 8.2 ian 6.6 W383 12.6 Hail ay! 5 
13 12.8 ie 10.8 6 13.6 13.9 8 8 
14 12.5 IL.2 10.8 53) 9.9 10.0 8 9 
15 11.9 Dies 10.5 2 1273 10.8 a5 are 
16 13.9 13.8 13.4 mal 10.2 9.2 0 a) 
17 12.1 11.6 10.9 To: 9.6 9.6 a A) 
TABLE 27 COMPARISON OF GAS SAMPLES DRAWN FROM 
SEPARATE TuBES Fie. 23 
Carbon Dioxide Nitrogen 
No. 
Tube | Tube | Tube Ay Tube Is Tube Tube 
No.1 | No.2 | No,3 = INos 1 No. 3 eNom No. 3 
1 5.7 5.8 Dink, 5.7 14,4 14.3 14.3 14.3 19.9 80.0 
2 8.1 7.8 Zits) Bas 11.6 11.9 12.2 11.9 80.3 80.3 
3 8.5 toe 7.5 7.9 eb) 12.4 12.7 12.2 80.0 79.8 
4 7.6 Hor. 6.9 7.2 12.1 12.5 12.8 12.5 80.3 80.3 
5 7.5 7.0 6.8 Hai 12.1 12.7 12.8 12.5 80.4 80.4 
6 ho Hci 6.8 Gel Ue 12.8 13.1 12.5 80.1 80.1 
4h 13.9 13.8 13.4 13.7 5.8 5.8 5.8 5.8 80.3 80.8 
8 12.1 11.6 10.9 11,5: 6.7 7.4 8.3 1.5 80.8 81.2 
9 9.4 8.8 8.3 S.Sal One 10.9 11.3 | 10.8 | 80.4 80.4 
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96. Improved Form of Gas Sampling Tubes. At the close of 
the present series of tests, an improved form of gas sampling tube 
designed by the writer was introduced. This consists of a pair 
of tubes intended to compensate for drop in pressure along 
the tube. See Fig. 24. The lower parts of the loops are per- 
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Fie. 24. IMPROVED Form OF GAS SAMPLING TUBES 


forated with single rows of ;/s-in. holes spaced two inches apart, 
the gas traveling in the direction of the arrows. The other 
sampling pipes were removed and three pairs of these tubes placed 
across the sampling box. The tubes drop into the sampling box 
from above so that perforation of the box is avoided and the pos- 
sibility of leakage is further eliminated. Atthe outside, the pipes 
are brought together by means of ¢-in. lead tubing, into a 
junction box from which a ¢-in. lead tube conducts the gas 
to the apparatus bench and thence to the aspirator as before. 
The capped ends of the sampling tubes are bent upward and pass 
out through the breeching to facilitate cleaning. Just previous 
to the start of each test the tubes are cleaned with compressed 
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air, which is applied through the junction box, and the end caps 
are removed occasionally to permit blowing out dust which grad- 
ually accumulates at the bend near the last hole. Special tests 
of the new sampler have not been made so that it is not known 
whether any real advantage has resulted. 

97. It should be remembered that this gas mixing device was 
designed to meet special conditions brought about by the course 
which the gases take in leaving this boiler and by the sharp angle 
in the breeching just above the boiler. It is possible that had 
the boiler been surmounted by a straight stack, other and more 
simple means could have been employed. The effect of the baf- 
fles on the draft is so considerable that it can be used only where 
high force of draft is available. 


METHOD OF MAKING AND RECORDING FURNACE OBSERVATIONS 


98. <A careful record of the characteristics shown by the fuel 
bed is a necessity in the study and comparison of fuels. With 
the exception of the fiue gas data, no other set of data is as gen- 
erally useful in the analysis of variations which show up in the 
results. However, if sucha record is to be of use, the relative 
value of various occurrences which affect the furnace and fuel per- 
formance must be clearly recognized and the notations which are 
made during the experiment, recorded in a systematic manner. 
Experience with the common methods of recording furnace 
observations and certain isolated test data in the form of running 
notes has shown the insufficiency of such methods for the purpose 
of a comparable record, not because such notes may not be made 
sufficiently full, but chiefly because of their lack of system both 
in arrangement and in the descriptive terminology used. To 
eliminate discordance from those sources in this series of tests 
and to provide for a general summary of the data, two convenient 
report forms were used. 

99. See Form 1, p. 98; Form 2, 96-97. The description which 
follows will show the various purposes which these forms have 
served. Their presentation here is essential in that they will 
convey some idea of the effort made to secure consistent oper- 
ation and comparable data. 


ee 
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Form S-9-6-07-1000-Bre. 
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100. The Furnace Condition log is a record of the various 
items included and affords a permanent record of variations in 
the operation of the grate and furnace. 

101. The Furnace Observer’s Report, which was always made out 
immediately upon the close of each test, takes care of the averages 
from the furnace log and a number of miscellaneous items, a 
permanent record of which is desirable. Further and of more 
importance, the report is intended to maintain a daily balance of 
the deductions reached, relative to the fuel, from the point of 
view of the furnace observer. An explanation of the various 
items is as follows: 


THE FURNACE CONDITIONS LOG 
‘Condition of Fuel Bed at Rear of Grate” 


In recording the degree of adherence to the conditions adopt- 
ed for the control of the furnace and the fuel bed area, the follow- 
ing terms have been useful. 

1. ‘‘Banked’’—Live fuel against the water-back and thicker 
than at the center of the grate, live fuel also falling into the ash- 
pit. 

2. ‘“‘Close’—Live fuel against the water-back, but none pas- 
sing tothe ashpit. 

3. “‘Clear’’—Edge of fuel line completely burned out just at 
the water-back. 

4. “Inches of grate clear”—Distance in inches, estimated, of 
the live fuel line from the water-back. 

In using these terms the fuel was considered to be completely 
burned when both flame and incandescence had disappeared. 

102. Recording the Observations—Observations relating to the 
area of the fuel bed were not made simply at the regular 15 min- 
ute periods. The three columns 2, 8 and 4, provide for a record 
of the maximum, minimum and average distances from the water- 
back, so that the record is really a continuous one. The average 
recorded is a weighted average, depending upon the judgment 
ofthe observer. It is not the mean of the maximum and minimum 
observations. A mica window in the inspection door allowed easy 
observation of the conditions within the furnace. The simple fact 
that continuous record is being kept of the maximum and minimum 
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area of the fuel bed has a salutary effect in preventing uncalled- 
for irregularities in the operation of the grate. 

Change of Grate Speed—Column 5. In this column the number 
of adjustments found necessary to comply with the other require- 
ments is recorded. 

Average Area of Holes in the Fuel Bed—Column 6. Any entirely 
burned out spot in the fuel bed greater than six inches in diam- 
eter was considered a hole in the bed, and the average total area 
of these was recorded for each 15-minute period. The mean of 
column 6 was recorded on the Furnace Observer’s Report, also 
the maximum and minimum area shown by the 15 minute readings. 

A tabulation of the results of these observations, taken from 
the Furnace Observer’s Report, will be found in Table 40. 

Leveling the Fire—Columns 8 and 9 provide for recording the 
time of leveling. Leveling in the sense in which we have used 
the term does not have the significance for which it is used in a 
hand-fired furnace. That is, it does not signify that the whole 
fuel bed has been leveled. In these tests, whenever holes were 
leveled or fuel pushed to the sides of the grate, a, ‘‘leveling” was 
recorded. In the Furnace Observer’s Report, in order to facili- 
tate comparison, this item is based on a four-hour period. 

Slicing—Column 10. Slicing the fuel bed in chain grate oper- 
ation usually consists simply of running the slice bar along the 
ledge to remove any adhering clinker which might otherwise 
accumulate, to reduce the grate area or disturb the fuel bed 
along the sides. 

A record of the number of slicings and the time at which they 
were made gives double assurance that trouble from this source 
-has been avoided. 

FURNACE OBSERVER’S REPORT 

Items 1 to 8. These items are intended as a check on some 
of the principal items of the test. It was one of the duties of the 
furnace observer to assure himself of the accuracy of the recorded 
weight of fuel and tosee that the general and special control con- 
ditions were carried out. Item 8 is intended to keep track of any 
change in the control conditions outlined for the test. This item 
often constitutes valuable data, especially when it is found that 
the fuel will not respond to the draft pressure assigned, and further 
keeps track of changes made upon verbal instruction which might 
be misunderstood. 


96 ILLINOIS ENGINEERING EXPERIMENT STATION 


File No. 

Class No. Observer 
Fuel Index No. Firemen 
Series Test No. 
Date = 

FURNACE OBSERVER’S REPORT 
1. Flues when last blown: time JX, Wile. P. M., Date 
2. Boiler and mud-drum when last blown off; Time ACM y= =P vis 
3. Time of starting test______—_, time of closing test 
4. Total pounds test fuel fired since last test 
5. Total pounds test fuel fred during test 
6. Thickness of fuel bed, inches 
7. Av. difference of pressure above and below grate, in. of water 
8. Change in control conditions preceding or during test 


Why 


SUMMARY OF FURNACE OBSERVATIONS 
1. Conditions during the hour preceding start of test: Load —— 


Draft, in furnace , In breeching 


2. Conditions of fuel bed at rear of grate, per cent of time: Banked 


’ 


close ; , neches clear 
Fuel bed sliced _____time, leveled ___—_, times av. four hr. period. 


ae 


Area of holes in fuel bed, sq. in. (average of column 6); 

Max., for 15 min. period —_______, Min. for 15 min. period 
Grate speed, constant or variable? Av. speed sq. ft. per hour 
Was load easily maintained? Why? 


Was maximum rate of combustion attained? 


Estimated increase of capacity obtainable by forcing 
Would lower draft increase the evaporation?__— 
10. Considering previous tests on this fuel (Index No.———_) which con- 
dition if any necessitated: 


Ge DST ee ots 
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(a) Least attention to fuel bed and grate 
(b) Most attention to fuel bed and grate 
ll. The preceding tests in order of the most favorable conditions are, 


Remarks : : : 2 f 


General Remarks 


Note—A list of descriptive terms has been selected for use in de- 
scribing the general characteristics of the fuel bed, flame, etc. These should 
be adhered to as closely as possible. See “Instructions to Furnace Obser- 


ver.”’ 


1. General appearance of fuel bed Soe 


PeCharacter Ofoheuanic= 


3. Appearance of refuse, clinker, etc. 


4. Change of firemen during test—time, etc. 
5. Change of furnace observer on this fuel 


Remarks — == = 


Date : Signed. 
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Summary of Furnace Observations 

Item 1—This item relates to the condition of the fuel bed and 
furnace at the start of the tests. 

Items 2, 3, 4 and 5—See under “‘Furnace Conditions” log above. 

Items 6, 7, 8 and 9—Deductions entered under these items call 
into play the judgment of the observer. They are use- 
ful mainly in outlining further work on the fuel, though 
an observer of some experience will usually make very 
close deductions. 

Items 10 and 11—Sub-items (a) and (b) are filled out after each 
test. They are useful in formulating the deductions 
called for under Item 11. The entry under the latter 
item and under ‘‘Remarks” summarizes the conclusions 
of the observer as far as his personal observations go. 

General Remarks 

Item 1—The entries under this item are difficult to systematize. 
The fuel bed may be open and burning evenly, broken 
and burning in spots, light and bulky, or it may lie on the, 
grate in a compact mass with level surface. There are 
as many different modifications of fuel beds as there are 
kinds and grades of fuel. The fuel bed should be fully 
described, as upon its characteristics depend the distribu- 
tion of the air supply and consequently the rate of combus- 
tion and the temperature obtainable. 

Item 2—The amountof flame present in the furnace depends upon 
the amount of the volatile matter in the fuel and the pro- 
portion of air supplied. Observation of the flame is of 
interest chiefly in relation to the production or non-pro- 
duction of smoke. In the experiments flame which did 
not persist beyond point B (see Fig. 21, page 85) was 
denoted as “‘short’” flame; flame which persisted beyond 
B was designated as “‘medium long” while flame of any 
volume entering the tube space at C, Fig. 16, was de- 
signated ‘‘long” flame. Flame, it should be understood, 
is long only because there is not sufficient oxygen in 
thorough mixture with the volatile matter to cause 
rapid combustion. 

Item 8—Clinkering seldom gives serious trouble in chain grate 
operation. This item, however, takes care of any unus- 
ual occurrences. 

Items 4 and 5—These items are intended to put on record in a 
conspicuous place any changes in the personal factor 
entering into the operation of the furnace. 


APPENDIX II 
EXPERIMENTAL METHODS 
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APPENDIX III 
I. EXPERIMENTAL METHODS 


An effort was made so to arrange the testing plant and to 
provide such instruments and facilities that the requirements of 
a test could be carried out with essential accuracy. In this appen- 
dix will be found a detailed description of the routine method 
pursued in collecting the data. The details of boiler performance 
are liable to so many uncertainties not accounted for in the mere 
statement of the code of the American Society of Mechanical Engi- 
neers thatitis believed a description of the methods may assist 
engineers and students who may wish to make use of the collected 
data to give proper weight thereto. 

In the tabulation of results, Tables 28 to 40, p. 121, the mean 
of the test readings from the observed data is given as recorded on 
the logs for each test, essential corrections to agree with the cali- 
bration of instruments having been made. Where data known to 
have been affected by inaccuracies are retained in the tables, at- 
tention is directed thereto in the itemized descriptions. 


Weighing the Fuel and Ash.—In firing the furnace during a test, 3 


it has been found most satisfactory to feed the coal into the hop- 
per by hand, although a specially designed coal bucket was avail- 
able. The coal was weighed ina steel charging car made with 
one side hinged, shewn in the photograph, page 76. The dimen- 
sions of this car are 23 ft. by 42 ft. by 13 ft. deep, and its capacity 
was about 700 lb. 

During the tests, 500 lb. of coal was weighed at atime, the 
coal feed hopper was kept continually heaped a little more than 
full, and after each 500 lb. charge had been shovelled into the hop- 
per, the coal was allowed to feed until a straight edge drawn across 
the top would give a level just even with the top edges of the 
hopper. The interval of time elapsing was recorded as the time 
. of firing the charge. Other readings coincident with the time of 
firing were height of water in the water gage and the level of the 
water in the feed water supply tank. The time of weighing ash 
and refuse was likewise coincident with a “‘time of firing,” though 
at less frequent intervals. 

Sampling the Coal.—Samples of coal and ash could not be taken 
care of at the chemical laboratory until the morning following a 
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test, consequently, to avoid unaccounted-for changes in moisture 
content, the preliminary reducing, crushing and air drying of all 
samples were made in the boiler room. 

In coliecting the coal sample, two half shovelfuls of coal were 
taken for each 500 lb. charged during a test. The samples taken 
at each charge were at once crushed to less than quarter-inch size 
in a laboratory jaw crusher, and collected in a closely covered 
vessel. At the close of the test, a complete sample, weighing be- 
tween 100 and 150 lb. or about 1 to 2 per cent of the total weight 
of coal fired during the test, depending upon the size of the coal, 
was carefully mixed and quartered down to about five pounds. 
From this, one kilogram was weighed out into a shallow pan for 
the determination of the moisture loss upon air drying. 

Coal too wet for reducing at once in the jaw crusher was first 
sampled down to 10 kilograms, and this weight was given a prelim- 
inary drying in large pans set upon the grating surmounting the 
boiler. The temperature there ranged from 90° to 100° Fahr., 
and the drying was usually allowed to proceed over night. A 
record was then made of the loss, and the entire sample was 
reduced in the jaw crusher and further mixed and quartered down, 
and the air drying was concluded upon a 1000 gram sample, the 
total air drying loss in such case being given by the formula: 

on > 1 LOO. 

Moisture, per cent = a + 100 
loss in the preliminary drying and b = the per cent loss on the 
final sample. 

A No. 80 Troemner’s solution scale was used for weighing 
samples. This scale is very accurate and its construction allows 
the use of sample pans of any necessary size, the small sample 
pans used being 10 by 18 by 1 in. in depth, and the large pans 18 
by 18 by 1 in. 

In the final air-drying these pans were set away in a special 
sheet-iron oven, Fig. 20, the shelves of which are staggered to 
allow free circulation of air, which is induced by a Bunsen flame 
in the flue at the top. Since the air used for drying was not 
heated, the drying thus, at room temperature, required from three 
to four days, during which time the samples were weighed each 
day until the loss for the day preceding was less than 5 grams in 
1000, when the samples were at once bottled in “Lightning” fruit 
jars and delivered to the chemical laboratory for final reducing 
and analysis. 


b; where a = the per cent 
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Sampling the ‘‘Ash and Refuse.”’—The ‘‘ash and refuse” was 
removed from the ashpit, generally three or four times during a 
test. The contents of the car, weighing usually from 100 to 3800 
pounds, were dumped upon a smooth concrete floor and the clinker 
crushed with an iron tamp until all pieces were reduced to about 
13 in. in size. The entire bulk was then mixed by twice shifting 
the pile, each shovelful being poured upon the center of the new 
heap so that the larger and heavier particles would, if possible, 
be evenly distributed. This bulk was then quartered, opposite 
quarters rejected and the tamping, mixing and quartering repeated 
until about 20 lb. remained. The particles were then reduced to 
about 4 in. or less. This portion was then further reduced to ¢ 
in. or less by means of the jaw crusher, thoroughly mixed and a 
weight equivalent to 5 per cent of the original bulk preserved. 
This procedure was repeated for each quantity of ““ash and refuse,” 
and at the close of the test the aliquot samples thus obtained were 
thoroughly intermingled and quartered down to about two pounds, 
which was at once bottled for delivery to the chemical laboratory. 

Feed Water.—The arrangement of the feed water system is 
shownin Fig. 19. The weighing tank has a capacity of 800 pounds, 
and is of the form commonly used for accurate measurement. It 
is provided with a small neck and anoverflow. The tank is fitted 
with a 2-in. Lunkenheimer ‘‘Handy” gate valve on the supply pipe 
and a 3-in. similar valve on the discharge. It can be filled and 
emptied in about two minutes. 

The number of tanks of feed water supplied to the boiler was 
recorded in the usual manner, recording both the time and number 
of the tank, and a check of the counts was maintained by means 
of a Bristol recording water-level gage connected to the 5000-lb. 
capacity supply tank. The temperature of the feed water was taken 
in the weighing tank before discharging. With the exception of 
tests 25 and 31, for which the pump was used, the boiler was fed 
by injector throughout the series. Three injectors, sizes 1, 14 
and 1% in. were supplied so thata fairly steady feed was obtained 
for any rate of evaporation demanded from the boiler. The over- 
flow from the injectors was returned to the supply tank, but since 
the temperature of the feed water was taken in the weighing tank, 
no correction for the weight or heat content of this overflow was 
necessary. 


The total weight of water fed to the boiler, column 4, Table 
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32, is the weight of feed water by tank corrected for the following 
items: 

1. Difference between the quantity of water weighed out and 
the quantity fed to the boiler; shown by the difference of the 
level of water in the supply tank at the start and close of the test. 

2. Weight of feed water equivalent to the difference between 
the level of the water in the boiler at the start and close, with 
correction for the heat contained. 

3. Water equivalent to the difference in the total heat of the 
boiler’s water content at the start and close, due to difference be- 
tween the steam pressures at those events. 

4. Correction for leakage at the blow-off; pump leak, etc. 

The total feed water weighed and the total correction applied, 
together with the data upon which this correction is based, are 
given in the water log, Table 31. The methods of arriving at the 
separate corrections follow: 

1. Correction for level in supply tank: The supply tank 
was fitted with a delicate float gage which indicated the difference 
in level on a scale above. Each inch scale reading represented 
145.5 lb. at 60° Fahr. 

2. Correction for difference of water level in the boiler: It 
was endeavored to keep the water level within 3 to 6 inches, as 
shown on the water gage, middle gage being at 4.5 inches, and 
this was generally accomplished throughout the tests. 

To allow correction for any differences of level at start and 
close, the boiler was carefully calibrated to each half inch on the 
glass. By this calibration, the water capacity of the boiler to 
middle gage is 17022 lb., and the average water capacity for each 
inch shown on the gage from 2% to 64 in. is 358.6 lb. at 62° Fahr. 
At 365° Fahr., corresponding to 150 lb. gage pressure, and further 
corrected for expansion of the boiler, one inch of water on the 
water gage represents 318 lb. average. This value was made the 
base for compensation for the thermal content of the weight 
represented by the difference in level in inches. 

With more water in the boiler at the close than at the start, 
credit must be given for the heat required to raise the difference 
in weight from feed water to steam temperature. With the con- 
ditions reversed, credit must be given for evaporating the dif- 
ference but not with heating it to steam temperature. 
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The correction to be applied to the feed water for each inch 
difference in level in the gage is given by the formula, 


Of = Of 
te Ga a + (8S) 6 
where g = the heat of the liquid at steam temperature, q, = the 
heat of the liquid at feed water temperature, 7 = the heat of 
vaporization, and a = the per cent of moisture in the steam. The 
latter may be neglected in the calculations. 

The corrections per inch of gage reading used in the test cal- 
culations were obtained trom a chart based upon the above for- 
mula. 

It will be seen that since the feed water temperature was from 
55° to 60° Fahr. and the pressure from 145 to 155 pounds gage, the 
correction applied to the total weight of water fed was about con- 
stant at 233 lb. per inch of water gage difference. 

3. Feed water correction for difference in steam pressure at 
start and close: This correction is a minor one, amounting to 
but 5.8 lb. of feed water to be added or subtracted per pound dif- 
ference in steam pressure within the range of the experiments. 

4. Correction for leakage at the blow-off valves: The lower 
blow-off valve began leaking during test No. 20 and continued un- 
til test No. 27, before repairs could be made. The leakage was 
conducted into a weighed tank of cold water and the weight of 
feed water to be subtracted in correction calculated by the for- 
mula: 


Correction = (Wt. of leakage) | 1 ie Ste 
QO etaee, 

The symbols have the usual significance. Peabody’s steam 
tables were used throughout for the thermal properties. 

Character of the Feed Water.—The water used in the test boiler 
and in the central heating plant comes from 125-ft. wells on the 
University grounds. The water is characterized by the presence 
of free sodium carbonate in amount greater than is necessary to 
satisfy any sulphates present, and consequently is absolutely non- 
scale forming. 

Water of this character is found at a depth varying from 125 
to 165 feet throughout an area of about 4000 sq. miles centering 
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about the University. It is also found in several other sections 
in Illinois at depths varying from 400 to 850 ft. A description of 
this water has been given recently by Professor S. W. Parr.* 
The normal amount of free alkali is about 5 grains per gallon. 

During the progress of the tests, the writer personally inspect- 
ed the boiler tubes on four occasions but no scale whatever was 
found. At the close of the series the tubes were as clean as when 
the boiler was first fired, save for the light coating of sludge dust 
which could be brushed away with the finger. 

The Water-Back.—To avoid unnecessarily complicating the feed 
water system, the cooling water for the water-back was wasted 
to the drain. A measure of this water was kept by means of a 
carefully calibrated Breslau water meter placed in the inlet 
pipe, and to insure approximately a steady rate of flow through 
the meter, the temperature of the outflow was normally adjusted 
to a temperature from 80.to 100° Fahr., so that some variation in 
the range of temperature was allowable without complicating the 
measurements by too frequent adjustments. 

Temperatures of the inflow and outflow and the meter’s read- 
ing were taken at the regular intervals, and the amount of heat 
carried away by the cooling water was computed by taking the pro- 
duct of the total weight of water used during the test, corrected to 
agree with the calibration of the meter, and the average difference 
in temperature. The fact that an average was used herein place 
of the true mean introduces but a negligible error since the per 
cent loss of heat is in itself a relatively small item. 

It may be said that the water-back can not be considered as be- 
ing under practical test, but if one wishes to compute the amount of 
cooling water that would be required for various temperatures of 
the outflow, it may readily be done from the data given in Table 
80. 

The use of the adjustable water-back in the experimental 
plant has given the advantage of uniform conditions for fuels of 
varying character and ash content. No assumption is made, how- 
ever, as to whether or not the adjustable water-back results in an 
economy over other methods of controlling the air leakage. 

Compensated Water Items.—It will be noted that the tabulated 
water items and dependent items are expressed in two ways. Un- 


* ‘Some Notes on the Service Waters of a Railway System,” Jour. of the American Chemical 
Society, Vol. XXVIII, 5, 640, May, 1906. 
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der the regular A. S. M. E. code numbers are given the values 
obtained by actual performance, (designated “‘performance” in 
the headings). In adjacent columns and designated by the same 
code numbers, but with a decimal suffix, these items are raised to 
values which, it must be assumed, would have resulted had the 
water-back been of a stationary type in which the circulation 
water is taken from and returned to the boiler. These items are 
designated in the table headings “‘compensated for water-back” 
in brief for ‘‘compensated for the heat lost on account of the 
water-back”. They are introduced for the purpose of eliminating 
variations. In making the compensations, the percentage loss of 
heat in the cooling water to the total heat of the fuel consumed 
has been added directly to the “‘boiler and furnace” efficiency per 
cent numbers, and the related water items and the numbers for 
Item 72 + Heat loss per cent. 
Item 72 

Details of the calculations for different items are shown on 
pages 109 to 120. 

Care of the Boiler.—Soot and dust are removed from the heat- 
ing surface of the Heine boiler by means of a steam or air nozzle 
inserted througk hollow stay bolts in the front and rear water 
legs. The nozzle used consists of a long pipe perforated at the 
end by a number of radical holes. 

The surfaces were carefully cleaned, preceding each test, with 
an air blast of from 70 to 100 lb. pressure, blowing through each 
stay bolt in both front and rear legs and inserting the pipe the 
full length of the tubes. Several inspections of the tube surfaces 
showed that this treatment given each day maintained a remark- 
ably clean surface, and since the furnace operated with but occa- 
sional traces of smoke, opportunity for coatings of tenacious 
character to form was entirely absent. 

Starting and Stopping the Tests—Running start and stop was 
necessarily made. With the chain grate the amount of ash upon 
the grate is practically constant, the depth of fuel entering the 
furnace is fixed by the gate opening and is not disturbed by 
motion of the grate. These circumstances are favorable to a run- 
ning start yet the possibility of serious error is not obviated. 
Variation in weight of fuel upon the chain grate at start and close 
of the test may occur from one or all of several causes occurring or 
operating fora period required to displace the grate one effective 


Item 78 raised by the factor 
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grate length just preceding either event. These are: 

1. Difference in actual length of fuel bed. 

2. Irregularity in speed of grate travel. 

3. Variations in air supply. 

4. Difference in the relative amounts of fine-sized fuel falling 
through the grate. 

5. Differences occasioned by irregular attention to condition 
of the fuel bed. 

6. Difference in clinkering or caking. 

It is found that to bring the fuel bed to the same length just 
at the time of starting and stopping is not sufficient for accuracy. 
If it is necessary to quickly close up a short fuel bed to bring this 
about, the conditions are bad. One linear foot of grate travel 
carries into the furnace from 70 to 150 lb. of coal, depending upon 
the width of grate and depth of gate opening. Sudden changes 
of grate speed, consequently, produce excess or deficiency from the 
normal amount of fuel which should be upon the grate. Ideal 
conditions demand uniform rate of combustion and fuel bed 
length during the periods of time that determine the weight of 
fuel that will be upon the grate. 

Variations due to these factors were avoided as far as possible 

-by operating the grate under assigned test conditions for a period 
of from 80 minutes to 1 hour just preceding the start. The 
principal conditions observed were regularity of grate travel, and 
area of fuel bed and a constant ‘‘normal” draft pressure (see def- 
initions, page 12). 

For those tests in which the fuel clinkered more or less 
seriously, it was of course impossible to assure a uniform rate of 
combustion, and satisfactory agreement between starting and stop- 
ping conditions was more difficult to obtain. This difficulty was 
experienced with the fuel 5.1006 W. Satisfactory agreement 
was also difficult to obtain with the fine-sized coals. For 
several of the tests of fine sizes the furnace was operated 
under test conditions from 3 to 4 hours before acceptable condi- 
tions for starting were obtained. 

Preceding all tests, the fireman operated the furnace as 
nearly as possible under assigned test conditions for two hours 
before the arrival of the regular observers, a check on the regula- 
tion during this period being maintained by means of recording 
gages for draft pressure and for temperature of the flue gases. 
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As an additional check on the starting conditions for all tests 
following test No. 27, the regular water readings were taken for 1 
hour preceding the start and the load computed. If proper con- 
ditions of the furnace or load were not reached, the preliminary 
run was continued, taking readings as in the test proper. After 
one or two tests on each grade of coal, satisfactory starting con- 
ditions were usually obtained without trouble. The grate once 
adjusted to the requirements of the fuel and draft, closing condi- 
tions were usually readily obtained. 

The fire was started each morning at 5 o’clock from a heavy 
banked fire, and was under full fire from 14 to 3 hours preceding 
all tests. The fuel to be tested was used during this period in 
order that the furnace and setting wall would be heated only to 
the normal temperature for that fuel; except in a few tests of the 
No. 5 coal, screenings were used for the first hour to bring the 
furnace to temperature more quickly. A check on the tem- 
perature of the furnace walls was obtained by means of thermom- 
eters slightly imbedded in the surface. The indications of these 
thermometers at all times varied more from drafts of air through 
the boiler room thanfrom any difference of temperature within 
the furnace. 


Il. OBSERVED AND CALCULATED RESULTS OF TESTS 


In the calculation of the results given in the tables following, 
the methods set forth in the code for boiler testing of the Amer- 
ican Society of Mechanical Engineers, wherever they apply, have 
been followed in detail. Those items are tabulated under the 
regular code item numbers, and have the usual significance. Addi- 
tional items are indicated by letters or by decimal suffixes to the 
usual code numbers. 

In order to collect the results into compact and convenient 
tables and to provide space for additional items, it has been nec- 
essary in some cases to arrange the items in a different order 
from that usually followed in the A.S. M. EK. code. For example, 
the items under the sub-head “‘water per hour” follow directly 
after “‘fuel per hour” in Table 33; the average steam pressure 
will be found under the heading “‘steam” in Table 30; draft pres- 
sures and air temperatures will be found under the headings ‘“‘air” 
in Table 86; and the analysis of the flue gases and the per cent 
of smoke observed will be found in the same table. Other items 
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which are displaced from the arrangement of the A. S. M. E. code 
are ‘‘size of coal” and ‘“‘thickness of fuel bed” Table 28; ‘“‘tem- 
perature of the feed water” Table 32; ‘‘analysis of ash and refuse” 
Table 29; and “‘calorific value of the fuel” Table 39. In the fol- 
lowing summary, the items are taken up in the order in which 
they appear in the tables. 


TABLE 28. Principal Conditions—In this table those con- 
ditions which have the greatest effect upon the results of the tests 
are given. The items of Table 40 should also be consulted in a 
comparison of test results. 

Column 1. Test number for this series. 

Column 2. Laboratory jile number. This number appears in 
each of the tables in the report and should serve as a convenient 
cross index to the fuel tested. The first part of the number refers 
to the files of the laboratory. All boiler or fuel tests made at the 
Engineering Experiment Station are given a general number and 
filed in that order regardless of the test series. General numbers 
not included are tests in other series, central heating plant tests 
or tests with house-heating boilers. The second part of the num- 
ber is the fuel symbol, an explanation of which will be found on 
paged. 

Item 2. Duration of trial. The total time reduced to decimal 
number. 

Commercial boiler trials are usually run for a ten hour period, 
the idea being that within that period sufficient total weight of 
fuel will be fired to minimize a reasonable and unavoidable error 
in judging the conditions and weight of fuel upon the grate at the 
start and close. In the adoption of a shorter trial period for this 
series, it is not intended to advocate any change in existing prac- 
tice. Satisfactory starting and closing conditions with the chain 
grate, since they must be running conditions, are often and espe- 
cially with non-uniform coal, much more difficult to obtain than for 
the plain grate using the “alternate method” of the American 
Society of Mechanical Engineers. 

In these tests the duration of the trial has been wholly deter- 
mined by the conditions under which the start and stop could be 
made, conditions which were in most cases favored by the superior 


and uniform grades of coal tested. It was usually endeavored ~ 
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to prolong the trial until 200 lb. of coal had been fired per 
square foot of grate surface. This, however, was not always 
accomplished; a trial was to be run each day, the time of several 
men had to be regulated, and time allowed for the care of the boiler 
and the operation of the furnace under suitable conditions prelim- 
inary to the start. 

The majority of the tests of short duration or in which less 
than a total of 200 lb. of coal was burned per square foot of grate 
surface, are duplicated on. the same lot of coal. A comparison of 
the conditions and results for these duplicates is of interest. Short 
duration in tests 15, 44 and 64 was due to lack of sufficient supply 
of test coal for a longer period; however, the tests were run under 
favorable conditions. The conditions of test 15 duplicate those of 
test 14. The conditions under which tests 44 and 64 were made 
are not exactly duplicated by other tests. Test 8 was closed sud- 
denly because of the blowing out of a gasket in the rear water leg. 
The close of the test was accepted as the time of the last coinci- 
dent coal, ash and water reading; comparisons show the results 
to be good. 

Item 23, Column 5. Size of coal. 

Item 23, Column 6. Condition of coal. 

Item 81, Thickness of fuel bed, inches. This is taken as the 
depth of the gate opening. The average thickness of the fuel bed 
upon the chain grate is, of course, less than this, but on account 
of the progressive combustion, this average can not be judged. 
However, a knowledge of the average would be of no more practi- 
cal value than a record of the gate opening which can always be 
duplicated. 

Item 13.1. Draft pressure in the furnace (assigned). This is the 
normal draft pressure assigned for the test. The averages of 
observed draft pressures are given in Table 30. 

Column 9. Furnace control. 

Column 10. Total coal fired per sq. ft. of grate area, pounds = 
Item 25 + 38.2. 

TABLE 29. Coal and Ash—This table contains all items nec- 
essary for the calculation of the combustible consumed except the 
per cent of ash in the dry coal, Item 42, Table 88. 


a 
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Item 25. Total weight of coal fired, pounds. 

Item 26. Percentage of moisture in the coal as fired, pounds. See 
Item 34, Table 87. 

Item 27. Total weight of dry coal fired, pounds=Item 25 (1 — 
Item 26). 

The term “fired” for obvious reasons is introduced here in 
place of the term “‘consumed” as used in the A. S. M. E. code. 
The term “consumed” is used in this report only in connection 
with that portion of the fuel or combustible which has been de- 
livered beyond the bridge wall in the form of gases or carbon, 
i. e., the fuel or combustible fired minus that portion accounted for 
in the “‘ash and refuse”. 

ltem 28. Total weight of dry ash and refuse, pounds. 

Item 30. Total weight of combustible consumed. 'This is equal 
to the total weight of combustible (ash free dry coal) fired minus 
the weight of carbon in the ‘‘ash and refuse” = Item 27 (1 — 
Item 42) — (Item 28 X Item 44). 

Item 31. Per cent of “‘ash and refuse” referred to dry coal = Item 
237-— Item 27: 

Item 44. Per cent of carbon in dry “ash and refuse.” By chem- 
ical analysis. 

Item 45. Per cent of earthy matter in dry ‘‘ash and refuse”. By 
chemical analysis. 

Item 80.1. Total weight of dry coal minus the total weight of 
“ash and refuse”, pounds = Item 27 — Item 88. 

This item is given as a rough check on Item 80. Item 30.1 
will generally be greater than Item 380 by a weight equal to the 
weight of ash carried beyond the bridge wall or collected on the 
walls of the furnace, though with well-sized clean coal the differ- 
ence is usually small. Where Item 30.1 isthe greater, it is usually 
due to increase in Item 28 from melting of the slag and fine ash 
which has accumulated on the face of the furnace walls and bridge 
wall during preceding operations. No error isintroduced in Item 
30 because of these gains or losses of ash, since the calculation is 
based upon the chemical analysis of the ash and refuse. Also 
any coal particles carried beyond the bridge wall settle in the 
combustion chamber and are completely burned in this furnace 
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TABLE 30. Steam andthe Water-Back—This table contains 
all of the steam and water-back data and factors. 


Steam :— 

Column 3. Barometric pressure in lb. per sq. in. 

Item 11. Average steam pressure by gage. The test boiler dis- 
charged its steam directly into a branch main of the central heat- 
ing and power station, the normal pressure of which ranged be- 
tween 130 and 145 pounds. The test boiler pressure was main- 
tained atapproximately 150lb. gage by regulating the main steam 
valve. This was attended to by the water observer. An extra 
steam gage located below the valve and in view from the lower 
deck facilitated the regulation. 

The steam pressures tabulated are the averages from Bristol 
recording gage charts. The steam pressures recorded at startand 
close, Table 31, are the indications of a standard gage of the 
Bourdon type. Both the recording and the standard gage were 
mounted on the same gage board and the two were compared at 
the start and close of each test. Both instruments were fre- 
quently checked by calibration. 

ltem 11.1. Absolute steam pressure = Item 11 + Column 38. 

Item 54. Percentage of moisture in the steam. During the 
earlier portion of the tests, the moisture carried by the steam was 
determined by means of a Carpenter separating calorimeter. The 
six-inch vertical steam riser was well lagged; the sampling nip- 
ple was of standard design and located about 3 ft. above the boiler. 
At 43 ft. above the boiler the riser ends in an ell connecting a 
special main 20 ft. in length. -This short main connects with the 
branch main of the central heating plant by a down connection 
10 ft. in length. However, to insure further that no condensation 
from the 20 ft. horizontal could return to the boiler, it was given 
a positive slope of lin. in 10 ft.. The velocity of the steam in the 
riser is about 35 ft. per second when the boiler is delivering 210 
H. P. The steam from the separating calorimeter was con- 
densed in a special small worm condenser, the accuracy of the 
weight delivered by the orifice in no case being accepted. 

This calorimeter was used up to test No. 24 when two other 
calorimeters were added for the purpose of checking. One of 
these was a throttling calorimeter of standard design; the other a 
very large special separating calorimeter so constructed that the 
orifice could be changed to different sizes as desired. It was found 
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that the throttling calorimeter gave approximately constant mois- 
ture readings. A series of experiments carried out at the same 
time by means of the large separating calorimeter, in which the 
total sample of steam drawn was gradually increased until the 
radiation from the well lagged calorimeter became negligible, con- 
firmed the indications of the throttling calorimeter so that in the 
tests following test No. 23 the indications given by the throttling 
calorimeter were accepted. 

It was found that a line drawn through all of the percentages 
thus obtained, the variation being from 0.5 to 0.7 of one per cent, 
was a constant atabout0.57. Since the radiation correction for the 
throttling calorimeter varies between 0.1 and 0.3 of one per cent 
it was concluded that the moisture content of the steam was con- 
stant at about 0.57 per cent, and this value was used in all tests 
following test No. 31, with the exception of tests 40, 41 and 42 where 
the variations were slightly in excess of the usual variation, as 
was the case likewise in the tests 24 to 30. 

Item 56. Factor for correction for quality of steam = 
Item 54 | q—q 
7 100 as Tota Oy : 
of the liquid at the steam temperature, gi = the heat of the liquid 
at feed water temperature, and 7 = the heat of evaporation at 
steam pressure. Values for g, g,and r were taken from Peabody’s 
steam tables and a curve constructed from which the factors were 
taken for the computations. 
The Water-Back. See page 82. 

Itema. Total weight of cooling water used. 

Item b. Temperature of inflow, average, degrees Fahrenheit. 

Item c. Temperature of outflow, average, degrees Fahrenheit. 

Item d. Ratio of the heat lost to the water-back tothe total heat 
of the fuel consumed = Item a (Item c—Item b) + (Item 30 X Item 
51). 

Tteme. Water equivalent correction factor for the heat lost to the 
water-back = Item 72.1 + Item 72. See page 106. 


where g = the heat 


TABLE 31. Water Log Data—An explanation of this table 
together with the means of obtaining the weight of feed water, 
also the necessary corrections applied, are given on page 102. 
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TABLE 32. Total Water—All of the total water items are 
contained in this table. 

Item 20. Temperature of feed water entering the boiler, degrees F. 
See above. 

Item 57. Total weight of water fed to the boiler, pounds. 

See above. 

ltem 58. Equivalent water fed to the boiler from and at 212. aE 
pounds = Item 57 X Item 60. 

Item 59. Water actually evaporated corrected for quality of 
steam, pounds = Item 57 X Item 56. 

ltem 60. Factor of evaporation = (q — q, +7) + 965.8. 

The thermal quantities were taken from Peabody’s steam 
tables. 

Item 61. Equivalent water evaporated into dry steam from and 
at 212° F., (performance) pounds = Item 59 X Item 60. 

Item 61.1. Equivalent water evaporated into dry steam from and 
at 212° F., compensated for water-back loss, pounds = Item e X Item 
61. 

Item f. Total loss of equivalent evaporation charged against the 
water-back = Item 61.1 — Item 61. 


TABLE 383. Fuel and Water per Hour—All fueland water 
items calculated to the basis of one hour are collected under this 
head. . 

Fuel per Hour: 

Item 46. Dry fuel fired per hour, pounds, = Item 27 + Item 2. 

ltem 47. Combustible consumed per hour, pounds, = Item 30 + 
Item 2. 

Item 48. Dry coal fired per square foot of grate surface per hour, 
pounds = Item 46 = 388.2. 

Item 49. Combustible consumed per hour per square foot of water 
heating surface, pounds, = Item 47 + 2027. 

Water per Hour: 

Item 62. Water evaporated per hour, corrected for quality of 
steam, pownds, = Item 59 + Item 2. 

Item 68. Equivalent evaporation per hour from and at 212° F. 
pounds, = Item 61 = Item 2. 

Item64. Equivalent evaporation per hour from and at 212° F. per 
square foot of water heating surface, pounds, = Item 68 -- 20°7. 
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Item 68.1. Equivalent evaporation per hour from and at 212° F. 
compensated for the water-back loss, pounds, = Item 68 X Item e. 

Item 64.1. Equivalent evaporation per hour from and at 212° F. 
per square foot of water-heating surface, compensated for the water- 
back loss, pounds = Item 64 X Item e. 


TABLE 34. Horse-power and Economic Results 

Item 65. Horse-power developed = Item 638 + 84.5. 

Item 67. Percentage of builders’ rated horse-power developed, 
per cent, = Item 65 = 210. 

Items 65 and 67 compensated for the water-back loss are given 
in Table 5 to 14. 
Economic Results by Actual Performance: 

Item 68. Water apparently evaporated under actual conditions 
per pound of coal as fired, pounds, = Item 57 + Item 25. 

Item 69. Equivalent evaporation from and at 212° per pound of 
coal as fired, pounds, = Item 61 = Item 25. 

Item 70. Equivalent evaporation from and at 212° per pound of 
dry coal fired, pounds, = Item 61 + Item 67. 

Item 71. Equivalent evaporation from and at 212° per pound of 
combustible consumed, pounds, = Item 61 + Item 30. 
Economic Results Compensated for Water-Back Loss: 

_ Item 68.1. Water apparently evaporated per pound of coal as 

fired, pounds = Item 68 X Item e. 

Item 69.1. Equivalent evaporation from and at 212° per pound 
of coal as fired, pounds = Item 69 Item e. 

Item 70.1. Equivalent evaporation from and at 212° per pound 
of dry coal fired, pownds = Item 70 X Item e. 

Item 71.1. Equivalent evaporation from and at 212° F. per 
pound of combustible consumed, pounds = Item 71 X Item e. 


TABLE 35. Efficiency and cost of Evaporation—. 

Item 72. Efficiency of the “‘Boiler and Furnace” = (Item 71 X 
965.8) + Item 51. 

Item 73. The over-all efficiency = (Item 70 X 965.8) =- Item 
50. 

ltem 72.1. Efficiency of the “Boiler and Furnace”, compensated 
for water-back loss = Item 72 + Item d. See Table 30 for Item 


d. 


—— 
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Item 73.1. Over-all efficiency, compensated for water-back loss = 
Item 73 X Item e. 
Cost of Evaporation: 

Item 74. Cost of coal per ton of 2000 Ib. delivered in boiler room. 
This is arbitrarily taken as one dollar. 

Item 75. Cost of coal for evaporating 1000 Ibs. of water under 
observed conditions, dollars, = 0.5 + Item 68.1. 

Item 76. Cost of coal used jor evaporating 1000 1b. of water From 
and at 212 degrees, dollars, = 0.5 = Item 69.1 


TABLE 36. Air and Flue Gases. This table contains the “| 
items relating to the air supply and flue gases including the 4 
smoke observations. 

Item 12. Average drajt pressure between damper and boiler, im. 
of water. This was taken by means of an Ellison differential draft 
gage, the point of observation for tests following test 28 being at 
hole 12, see Fig. 21, page 85. For test preceding test 29 the 
observation was taken at the turn in the breeching. 

Item 138. Average draft pressure in furnace, in. of water. Taken 
by means of an Ellison differential draft gage of } in. range, 
graduated to <j}; of lin. For the majority of the tests readings 
were taken at two points, 21 and 22, Fig. 21 and 22, the gages 
being connected up differentially to holes 27 and 26, respectively, 
on ee the averages tabulated are actual net pressures on the fuel 

Item 15. Average temperature of external air, degrees Faukhren- 
heit, obtained from the record of a Bristol recording thermom- 
eter. 

Item 16. Average temperature of boiler room, “F, obtained from 
the record of a Bristol recording thermometer. 

Item 21. Average temperature of the escaping flue gases: F.~ 
Readings for the flue gas temperatures during tests 1 to 27 were 
taken by means of a single high grade mercury thermometer 
inserted at the base of the breechingin a position which was sup- 
posed to be average. The dataare retained in the table but they 
are unreliable. For tests 28 to 37 the temperature data are the 
average of three high grade Jena borosilicate glass thermometers 
located in the sampling section above the mixing baffles. Fig. 
23. In the tests following test 37 temperature measurements 
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were taken by means of five copper-constantan thermo-couples 
distributed in the sampling section. 

Items 85, 86, and 88. Analysis of dry flue gases. For tests 
No. 1 to 27 the gas samples were drawn from a single tube, ex- 
tending centrally across the base of the breeching. This tube 
was made up of 3-in. pipe capped at one end and perforated with 
three rows of 3'5-in. holes spaced 8 in. apart. The results from the 
analyses of samples taken from this tube are of uncertain accuracy 
for the reasons set forth on page 88, and with but few exceptions 
the tabulated percentages of carbon dioxide for those tests are 
probably too high. This was recognized at the time the tests 
were in progress, and for that reason it was considered useless to 
make more complete analyses until time should permit devising 
and installing improved means for taking the sample. During 
the temporary interruption of the work which occurred between 
the tests 27 and 28, opportunity permitted the introduction of the 
sampling arrangement, previously described, and all subsequent 
gas samples for the series were taken under those improved con- 
ditions. 

The sampling tube or tubes in both types of samplers were 
connected with the sampling bench by a ¢-in. lead tubing, through 
which a steady stream of gas was kept flowing by means of a 
larger sized Richards laboratory ejector. The sample for analysis 
was drawn froma tee connectionin this tube. The usual arrange- 
ment of one-gallon side-necked aspirator bottles was used for col- 
lecting the sample and anaverage sample collected for each half 
hour during the test. In some of the earlier tests the samples 
were drawn for a longer period. Distilled water saturated with 
the flue gas was used in the collecting vessels. 

The analyses throughout were made by means of an Orsat 
apparatus provided with a 100 cc. water jacketed burette with 
25 cc. tube of special wide graduation, and the readings taken 
subsequently corrected to the true calibration of the burette, 
including a correction for the gas volume contained in the cap- 
illary tube between the 100 cc. mark and the drop tubes, the 
total correction necessary being between 0.1 and 0.2 of 1 cc. 
representing a percentage correction of about the same magni- 
tude in the observed percentages of carbon dioxide and oxygen. 

Item 77. Smoke observations—Ringelmann’s numbers. The 
observations taken were recorded in No. 0, 4, 1, 2, etc., no 
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attempt being made to judge shades varying between. The tab- 
ulated values, however, being the time average of all readings, 
result in fractional values. These should be interpreted as being 
simply greater or less than Ringelmann Chart No. 1 or No. 2 as 
the case may be, for example, test No. 44 shows 0.21 smoke. 
That is, the average smoke reading for this test was less than No. 
1 Ringelmann. 

To summarize these readings for the series; three tests show 
No. 1 smoke, 13 tests what may be called, on the average, a faint 
haze, and for the remainder, 48 tests, one could not tell from 
observation of the stack, that the plant was in operation. 

Chemical Analyses: 

The chemical analyses of the coaland of the “‘ash and refuse” 
were made in the University chemical laboratories, under the 
direction of Professor S. W. Parr. 

The data obtained from the analyses were more elaborate 
than apply directly to the needs of this report, and, no doubt, will 
contribute to the accumulation of available data for a more gen- 
eral study of the chemical and physical properties of Illinois coal, 
a problem which is receiving the attention of Professor Parr in 
connection with the State Geological Survey. All chemical 
analyses were made in duplicate and in case of an occasional dis- 
agreement, the results were checked by a third determination. 
The results reported by the chemical laboratory were the average 
of two closely agreeing analyses. 

The methods of analysis followed were: total moisture equals 
the per cent loss upon air drying plus the loss in drying in an air 
oven at 105° C.; proximate analyses, following the methods recom- 
mended by the Committee on coal analysis of the American 
Chemical Society*; sulphur by gravimetric method after fusion 
with sodium peroxide in the Parr calorimeter, nitrogen by the 
Kjeldahl method; total carbon and hydrogen by the usual combus- 
tion train method, carbon in the ‘‘ash and refuse” by difference 
after determining the moisture and ash contained, and the calorific 
value of the coal by means of a platinum lined Mahler- Atwater 
calorimeter. 

Determinations regularly made upon each test sample of coal 
were moisture, ash, sulphur, nitrogen and the calorific value, and 
upon the “‘ash and refuse” sample, moisture, ash and carbon. 

* Jour, Amer. Chem. Society, Vol. XXI, p. 1130. 


oe 
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Complete proximate and ultimate analyses were made upon 
two samples from each carload of coal tested. One of those 
samples was aregular test sample, the second a composite sample 
made up from the regular analytical samples in portions of each 
representing by weights the separate original weights of coal 
sampled. 

These composite analyses are presented on pages 5 to 6 in 
connection with the description of the coal used. 

Where complete analyses have been made of individual test 
samples, they are given in Tables 37,88 and 39. Figures set in 
regular type indicate results from analyses of the individual test 
samples. The italicised figures are calculated values based upon 
the percentages of fixed carbon and volatile matter, total carbon, 
hydrogen and oxygen found in the composite sample and the per- 
centages of moisture, ash, sulphur, and nitrogen found in the 
individual test samples, the principle being that the average 
chemical character of the ‘“‘combustible’” portion of the coal 
excluding sulphur will be approximately constant throughout the 
car. How nearly this was true will be seen by comparison of the 
values calculated for the combustible composition from the com- 
posite analyses, and the similar values for the individual samples, 
Table 39, making allowance in the comparison for any variation 
which occurs in the percentages of sulphur and nitrogen. 

The method of calculating these figures is given below. 

In these tables both analytical and calculated results for coal 
as fired or for moisture-free coal are given the regular A. S. M. E. 
code item numbers, while the similar items computed to the 
basis of combustible are distinguished by a decimal 1, suffixed. 
Similarly, to distinguish them in the formulas which follow, items 
relating to determinations made upon the composite samples are 
indicated by suffixing a decimal 2 to the regular A. S. M. E. code 
numbers. 


TABLE 87. Proximate Analyses: 


— 100—(Item 34 + Item 85) 
Item 32. Fixed carbon = Item 32.2 < hem Soe Tanna 


= Item 32.2 X k&(a constant). Item 34 and 35 are those values 
given in the same table. Items 32.2 and 33.2 may be taken from 
either Table 2, 3 or 4. Those from table 2 were used. 

Item 38. Volatile matter = Item 33.2 X k. 
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TABLE 38. Ultimate Analyses of Moisture Free Coal 
Item 37. 
100 — Item 40 + Item 41 + Item 42 
Item 37.2 + Item 88.2 + Item 39.2 
= Item 37.2 X m. Item 40,41and 42 are those values given in 
the same table. Items 87.2, 88.2 and 39.2 may be taken from 
either Table 2, 8 or 4. Those from Table 2 were used. 


Item 88. Hydrogen = Item 38.2 X m. 
Item 389. Oxygen = Item 39.2 K m. 


TABLE 389. Calorific Value and Ultimate Analyses of Com- 
bustible: 
Item 59 and 51, Cailorific values, B. t. u. 
Item 37.1, 88.1, 39.1, 40.1 and 41.1are calculated by multiply- 
100 
00 — Item 42 


Total carbon = Item 37.2 X 


ng the items of Table 88 by the factor 7 


TABLE 40. Furnace Conditions: 
An explanation of the items contained in this table has been 
given on page 92. 
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25 51—5.1610 W Feb. 1,707 | 8.40 | 1%—1 or B || Oy) "s 196 
26 52—S Feb. 2.07 | 8.12 ae oes 6 | 0.13] & 209 
27 53—6.0402 W Feb, 4,’07 | 8.40| %—% a 6 | 0,13} # 209 
28 93—5.1610 W Apr. 26, 07. | 8.22 | 1%—1 ue 7 Onis 196 
29 g4— Apr. 27,07 || 7.82 sc ss 6 | 0.13 183 
30 gs— | Apr. 29,07 | 8.07 He us 5 | 0.11 196 
31 96—7.1610— Apr. 30, 07 | 8.25 ‘* Unwashed 5 | 0.10 196 
32 g7—- May 1,07 | 7.20 # sae 6 | 0.13 170 
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TABLE 28 


PRINCIPAL CONDITIONS (Concluded) 


Principal Conditions 


Z o 3 
2 3 3 M )83| 3 | ae 
A ‘h q aS fe) es od a Ko} 
; & a ae a3 6) 3 | ee | 8 | oe 
©) Be oI = Ss) + Fy Do o | as 
z, 5 iS) 5 Og ° ae no io} fy 
» 2) =} ao q re) oq © aaron 
Ss a QA od Ss) n o ° Sy 
B s og | na AS 3 eR) 
° Q NN 4 o ys q oles 
Q ns Le} q C= bE aP 
3 1S) q a Sk 5 oS Ey 
WW — s cs) ays & 2, . 
“4 fy on 
a ae 
2 5 6 7 8 10 
Code Item 23 23 81 13 
Efr: In In. In. 
98—7.1610— 8.38 iM Unwashed q 0.15 
gg—- ‘' 8.07 us ee 6 | 0.12 
100— ‘' 6.80 Ms oe 6 | 0.17 
101I— ‘‘ 8.10 i. os 6 | 0.20 
102—5.1006 W 6.05 —% Washed 5 | 0.10 
104s 8.18 i - 5 | 0.09 
107— ‘'' 8.10 eS ve 6 | 0.12] 6 
109— ‘' 7.82 as ee A || Oats |) sz 
HO 7.55 a oy 6 |o15! #8 
112— 7.85 2 oe 5 |0.10| 6 
Oo 
Amer c20i ate - 6 |o.19] 8 
114— 4.82 ok be 6 | 0.25 q 
115—6.0200 W 8.02 Y%—0 os £10.23) 
GU" 6.00 ae a 6 | 0.40] & 
117—_ ‘ 6.68 oe : 6 | 0.43) x 
io 7.95 ‘ as 6 | 0.38] 8 
iO = 7,38 ns af 6 | 0.32] 3 
lea aa 8.17 ms . 5 | 0.32| & 
Wale a 8.00 a u 5 | Oke | = 
122— 8.42 : 2 Oe || 
&S 
124—4_0300 W 7.87 34—0 s Ee WORE) <8 
Loe 8.12 im s 5 |0.30| & 
126— ‘* 6.00 oe a 5 | 0.38) § 
127— 7.02 os sis 5 |0.40] 3 
128--4.0703 W 8.27 %—95 or 5 | 0.13 | Ay 
>) 
1290— ‘ 6.80 ns uf 5 |o.12| a 
130 7.25 i es 5 | 0.10 
Ee ei 8.15 i I 5 | 0.12 
132— 8.73 tS “ 5 | 0.14 
133— 7.95 Ri ae 5 | 0.18 
iC 7.37 By vy 5 | 0.16 
135— 7.00 or = Beano: 
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TABLE 29 CoAL AND ASH 


Total Coal and Ash Analyses 
of Ash 
3 © and Refuse 
A 3 o aq 
@ es = “ q = 2s 
= a «3 | Su ae ls 8 
& of o S Le} 
fo} — § ro ne) =) Aa a a a § 2 S iS ma] 3 
4 B Seren eee Se era eee : 8 
3 Pee ed ee | ae Oe AG eens oe s 
u os i bd q cota Q 
) me os aS) So ‘s ae) O§ ro = b 
3 3 o2-| 86 | Hs | Ba | go | SE ) 3 
R ee Sane 4/5 | gs 8 
io} mal OD ico} 
a Fon 
o 
Ay 
1 2 3 4 5 6 7 8 9 10 11 
Code Item 25 26 27 28 30.1 30 31 44 45 
Lb. % Lb. Lb. Lb. Lb. % % % 
1 21—4, 0703 W 11500 18.38 9386 1386 8000 7878 14.80 45.15 54.85 
2 23— te 8000 18,63 6510 737 5773 5698 11.32 24.13 75.87 
3 24— ; 9000 VR) 7438 911 6527 6407 L220) 29.66 10.34 
4 25— : ; 11100 ie at 8979 1040 7939 7849 11.58 23.48 76.52 
5 26— 10000 18.7 8129 1046 7083 6965 12.87 26.13 73.87 
6 30—5 .0602 W 8000 12.24 7021 861 6160 6028 12.25 21.03 78.97 
ia ol ; : 8500 15015: 7382 999 6383 6277 13,03 34.98 65.02 
8 32— . 5500 12.48 4814 560 4254 4178 11.63 19.90 80.10 
9 34— : : 7500 13.13 6515 686 5829 5723 10.53 14.75 85.25 
10 Soe ka 8000 T1530 7096 695 6401 6255 9.79 15.81 84.19 
11 36— te 8000 12.41 7007 716 6291 6221 10.22 19.56 80.44 
12 37—5 .0200 W 7500 15.80 6316 LG 5198 4960 17.69 38.51 61.49 
13 30 ee 9500 14.59 8114 1248 6866 6526 15.38 34.52 65.48 
14 40 9500 16.20 7961 LVT7 6754 6436 14.78 29.84 70.16 
15 Aas 8000 14.40 6848 1388 5460 5226 20.27 43.90 56.10 
16 “Dae 1 7000 17.84 5751 1162 4589 4408 20.21 43.97 56.03 
17 43—4.0700 W 9000 18.68 7318 1117 6201 6203 15.26 27.44 72.56 
18 44— °° 9000 19.32 7261 955 6306 6219 13.15 24.03 75.97, 
19 45 9000 18.33 7350 1072 6278 6298 14.58 41.91 58.09 
20 EG 9000 | 18.79 | ‘7309 936 6373 6259 12,81 | 23.01] 76.99 
21 47—6 .0402 W 8000 10.72 7142 919 6223 6271 12.86 31.07 68.93 
22 dies 8 7500 10.72 6696 636 6060 5999 9.50 20.28 19.72 
23 yes 8 7000 11.32 6208 763 5445 5420 12.29 34.45 65.55 
24 Bir 78 8000 11.23 7102 952 6150 6211 13.40 29.42 70.58 
25 51—5, 1610 W 7500 11.48 6643 954 5689 5735 14.36 34.52 65.48 
26 ya O° 8000 10.94 7125 912 6213 6237 12.80 2isot 72.63 
27 538—6.0402 W 8000 10.21 7183 679 6504 6492 9.45 20.61 79.39 
28 93—5.1610 W 7500 8.79 6841 757 6084 6074 11.07 14.92 85.08 
29 fae 7000 8.06 6436 432 5704 5691 11.37 | 21.45 78.55 
30 95— ‘ 7500 8.44 6867 853 6014 6045 12.42 21.7 78.30 
31 96—7.1610 — 7500 7.14 6965 874 6091 6177 12.50 17.82 82.18 
32 7 — 6500 7.14 6036 684 5352 5196 11.33 17.87 82.13 
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TABLE 29 CoaL AND ASH (Concluded) 


Total Coal and Ash Analyses 
: of Ash 
. 0) and Refuse 
© 5 
3 © 33 
£ 3 ey Wes oO 2 BS 
S 5 Os 2s ag as By Sp bs 
5 Os o an D Dn a3 4 © au ~ 
S e Ho bo a ‘ea <q a s ee eg ga qa 3 
3 is $5 O38 ae Os as a2 3 = 
3 oy aw Bo s BSS! Of < a 
& q 25 6) $3 ne og & = Ea 
fe) on wm Op - fo) q [o) Ho 3S a 
a BS Sa Ei ELS alee sient o = 
P| = uy S o Q 3 <a = q se CI 
= a 2 g 83 re) 
= 5 
ja 
1 2 3 4 5 6 7 8 9 10 11 
Code Item 25 26 27 28 30.1 30 31 44 45 
Lb. % Lb. Lb. Lb, Lb. % % % 
33 98—7 .1610— 8000 (hee) 7457 879 6578 6548 11.79 16.38 83.62 
34 99— ** 8000 7.61 7391 949 6442 6480 12.84 16.15 83.85 
35 100— ‘‘ 7500 7.78 6916 835 6081 6172 12.07 16.18 83.82 
36 iia 9° 10000 7.34 9266 1065 8201 8057 11.49 17.44 82.56 
37 102—5.1006 W 5500 8.58 5028 488 4540 4517 9.70 13.81 86.19 
38 104 7000 10.12 6292 675 5617 5578 10.7 alappaltl 84.89 
39 Gi 3 “000 9.40 6342 667 5675 5669 10.52 14.88 85.12 
40 109—. ‘* 7000 8.99 6371 i Wi 5654 5684 11.25 14.40 85.60 
41 110—=— 8500 9.38 7703 848 6855 6782 11.01 13.61 86.39 
42 113 6000 8.90 5466 692 4774 4849 12.66 14.47 85.53 
43 ibe 2S 8500 9.74 1672 845 6827 6821 11.01 14.95 85.05 
44 fi4— “* 7000 9.25 6353 718 56385 5539 11.30 14.90 85.10 
45 115—6.0200 W 6000 13.94 5164 810 4354 4087 15.69 46.18 53.82 
46 116e— ‘‘ 5053 13 97 4347 506 3841 3602 11.64 33.74 66.26 
47 ee 6300 21,49 4946 496 4450 4242 10.03 16.59 83.41 
48 ie Ae 7500 18.52 6111 709 5402 5101 11.60 28.31 71.69 
49 lige Ys 5500 17.34 4546 627 3919 3745 13.79 32.48 67.52 
50 120 7500 19.27 6055 834 5221 4952 13.77 33.60 66.40 
51 Pes 7500 19.63 6028 751 5277 4976 12.46 27.78 72.22 
52 12a 8500 19.49 68438 807 6036 5724 11.79 25.30 74.70 
53 124—4,0300 W 10000 21.61 7839 1266 6573 6144 16.15 33.80 66.20 
54 Os 8500 21.42 6654 1021 5633 5207 15.34 82.84 67.16 
55 126— > 1627 21.35 5999 864 5135 4748 14.40 33.77 66.23 
56 127 9404 21.25 7406 1156 6250 5819 15.61 34.98 65.02 
57 128—4.0703 W 9000 17.24 7448 759 6689 6539 10.19 25.75 74.25 
58 ipa 28 T7777 22.68 6017 534 5483 5375 8.88 15.65 84.35 
59 130— ie 6000 17.95 4923 726 4197 4354 14.75 18.81 81.19 
60 ele 8000 19.83 6414 629 5785 5688 9.81 17.87 82.13 
61 Epa 5S 9201 17,68 7574 733 6841 6709 9.68 19.69 80.31 
62 133s 10500 16.48 770 845 7925 7828 9.64 18.84 81.16 
63 184—5. * 9600 19.29 7748 763 6985 6912 9.85 19.20 80.80 
64 Gj SS 4600 19.49 3703 414 3289 3300 vB es i 14.59 85.41 
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TABLE 30 Sream anpD WaTER BAok 


Steam Water Back 
6 o fh 
S 5 © Quality ee 
e 3 a = so] ag 
z Pag Sees § | 34/8 [2 | Ha] gs 
S ee ° Ay 2) 4 5) Be | & oF Srales 
a 5 3 ® i ° Dp, ie) Be | 5B | o@] -csm 
8 = ea Bl eo! fe | o. | so] se) e| oon 
B g & 8 |s2| 8a | FS | 8B| S| SE] BS 
2 2 © = a2! uG mie |) S| SoS online 
3 e bp fe) Qo fo) ss =I g Sse ot 
4 aa Ss g ne ea i) & © aS SH 
5 Si o u& A ical <a = is} 
2 <q ou 9 53 zt) 
< S) A 
ic 
& 
2 3 4 5 6 7 8 9 10 11 12 
ce | 
Code Jtem 11 itil 54 56 a b c d e 
Lb. Lb. Lb. % Lb. | OAPs asi, | % 
1 21—4,0703 Ww 14,60 151,0 165.6 | 1.05 . 9923 41186 | 55.0 | 82.7 |-1.02 | 1.0165 
2 23— rs 14.59 151,0 165.6 | 1.20 ,9912 30916 | 57,0 | 94.0 | 1.41 | 1.0218 
3 24— a 14.64 152.0 166.6 | 2.16 .9842 47405 | 57.0 | 92.0 | 1.81 | 1.0291 
4 2a Me 14,42 152.0 166.4 | 1.23 .9911 46244 | 56.0 | 85.0 | 1.20 | 1.0191 
5 2G 14.34 152,0 166.3 | 1.18 .9914 44462 | 57.0 | 97.6 | 1.82 | 1.0280 
6 30—5 .0602 W 14.67 152.0 166.7 | 2.34 - 9828 62390 | 56.0 | 84.6 | 2.04 | 1.0316 
q Siw 14,51 151.3 165.8 | 2.10 . 9846 46780 | 56.0 | 92.9 | 1.90 | 1.0291 
8 32— 14.32 151.4 165).'7- i) 2.9% .9787 38228 | 56.0 | 89.8 | 2.14 | 1.0334 
9 34—  _'' 14.29 150,5 164.8 | 1.88 - 9856 35960 | 56.0 | 97.9 | 1.82 | 1.0298 
10 Shas 14.40 150.0 164.4 | 1.70 . 9876 43892 | 57.0 | 91.2 | 1.66 | 1.0270 
11 se— ‘' 14.50 150.0 164.5 | 1.59 .9884 37570 | 56.0 |103.7 | 1.98 | 1.0317 
12 37—5 .0200 W 14.50 150.0 164.5 | 2.25 . 9832 29500 | 57.0 | 98.2 | 1.71 | 1.0827 
Biel ee 14.43 150.6 164.4 | 1.70 . 9876 38498 | 57.0 | 99.8 | 1,69 
13 39— *° 14.40 150.0 164.4 | 2.00 - 9854 43060 | 57.0 | 97.4 | 1,86 | 1.0354 
14 AE 14.38 150.0 164.4 | 1.87 - 9863 39332 7.0 | 96.3 | 1.67 | 1.0314 
15 4{— ‘* 14.53 150.0 164.5 | 1.75 .9872 23471 | 55.0 | 99.5 | 1.39 | 1.0260 
16 49 14.65 150.0 164.7 | 2.15 9843 26314 | 56.0 |101.3 | 1.88 | 1.0349 
7 43—4.0700 W 14.60 150.0 164.6 | 1.52 .9889 41543 | 56.0 |105.8 | 2.34 | 1.0372 
18 44— CO 14.36 150.0 164.4 | 1.53 - 9888 48059 | 56.0 {106.7 | 2.73 | 1.0420 
19 45— ‘* 14.45 150.1 164.6 | 1.60 - 9883 56481 | 56.0 | 96.2 | 2.52 | 1,0391 
20 46—  ‘" 14.53 150.0 164.5 | 1.71 «9875 40416 | 55.0 |113.0 | 2.61 | 1.0406 
21 47—6.0402 W 14,60 150.0 164.6 | 1.60 -9883 52811 | 57.0 {112.0 | 3.19 ) 1.0471 
22 4g— *‘ 14.48 150.0 164.5 | 1.95 .9857 65935 | 56.0 | 93.8 | 2.84 | 1.0433 
23 AGj—~ a 14.55 150,0 164.6 | 1.80 . 9868 45114 | 57.0 )119.4 | 3.58 | 1.0521 
24 50— + '' 14.40 150.0 164.4 | 0.74 . 9946 65277 | 56.5 | 97.2 | 2.96 | 1.0431 
25 51—5.1610 W 14,43 150.0 164.4 | 0.80 .9942 56076 | 56.8 |102.4 | 3.04 | 1.0467 
26 ae 14.39 150.0 164.4 | 0.75 .9945 69329 | 56.4 | 92.4 | 2.76 | 1.0423 
27 53—6.0402 W 14.48 147.0 161.5 | 0.67 .9951 63780 | 54.7 | 93.8 | 2.65 | 1.0410 
28 93—5.1610 W 14.39 149.9 164.3 | 1.00 - 9927 73131 | 56.1 | 81.2 | 2.08 | 1.0323 
29 94 14,38 152.8 167.2 | 1.00 .9927 | 150302 | 56.3 | 69.9 | 2.48 | 1.0389 
30 gs— ‘' 14.27 150.0 164.3 | 1.00 -9927 58404 | 57.3 | 94.5 | 2.27 | 1.0855 
31 96—7.1610— 14.37 150.4 164.8 | 0.57 - 9959 61215 | 55.8 | 85.6 | 2.02 | 1.0316 
32 e7— 14.67 152.3 167.0 | 0.55 .9959 50718 | 56.1 | 91.7 | 2,19 | 1.0334 
| 
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TABLE 30 STEAM AND WATER BACK (Concluded) 


Steam Water Back 
} g © Quality 
A S 5 x Suis 
is fs 
= Bal ae gs. | & ly |e |Ms) ge 
By ¥ a S 2 oie) ill % am!) 438 
c bes wy o ce 42 Ao ra H ou 5 Ss 
9 is & 3 3 m2 | Sp] 3B] O@] ce 
Z ° H o jal paler ‘sap Pp BO ae Bg 
Ss 8 be oo He ©. SS| sq S one) 
Ss © 3 ) of on = La aa BB | w = as 
5 BS ) So bee hoe) So esse a aia ce 
= z © 5 | 82) e@ |) SE 1s | ao lee) se 
= 3 bp 2 Sey SB | 3 © oo | BH 
al fa 3 a ee | 10 iS} = A o Shee 
5 > a e7 84 i) 
Pp 3) Ay 
< 3 
Fy 
1 2 3 4 5 6 7 8 9 10 11 12 
| 
Code Item 11 11.1 54 56 a is) c a & 
Lb. Lb. Lb & Ty, | Ce | Oly % 
33 98—7.1610— 14.40 150.3 164.7 | 0.57 , 9959 57843 | 56.4 | 88.5 | 1.96 | 1.0306 
34 00 nee 14.33 148.2 162.5 | 0.57 .9959 61228 | 56.8 | 83.5 | 1.73 | 1.0269 
35 100—ees 14.44 148.2 162.6 | 0.57 -9959 54740 | 56.7 | 83.0 | 1.62 | 1.0258 
36 101—- _** 14.31 146.7 161.0 | 0.57 - 9959 583820 | 56.5 | 87.8 | 1.59 | 1.0255 
37 102—5.1006 W 14.31 147.8 162.1 | 0.57 .9959 52030 | 56.9 | 81.4 | 1.96 | 1.0282 
38 10da—_*' 14.26 146.7 161.0 | 0.57 . 9959 61168 | 56.6 | 86.2 | 2.24 | 1.03824 
39 107—  ~‘* 14.29 147.5 161.8 | 0.57 .9959 VISIT | 57.2 | 77.9 | 1.98 | 1.0290 
40 109— _—‘‘ 14,28 148.1 162.4 | 0.45 . 9967 62528 | 56.8 | 81.0 | 1.84 | 1.0279 
41 110- — 14.36 148.5 162.9 | 0.45 -9967 78897 | 56.0 | 78.2 | 1.78 | 1.0264 
42 sa 14.16 148.5 162.7 | 0.75 .9945 75948 | 57.6 | 80.1 | 2.44 | 1.0360 
43 1s— 14.64 148.7 163.3 | 0.57 .9959 67233 | 58.0 | 83.2 | 1.76 ; 1.0264 
44 114—  *' 14.24 148.1 162.3 | 0.57 .9959 34393 | 57.0 | 86.3 | 1.28 | 1.0199 
45 115—6.0200 W 14.32 147.1 161.4 | 0.57 . 9959 44895 | 57.1 | 79.5 | 1.74 | 1.038387 
46 116—- 14.23 145.1 158.3 | 0.57 .9959 40410 | 57.0 | 76.4 | 1.56 | 1.0304 
47 ie 85 14.26 145.5 159.8 | 0.57 . 9959 43105 | 57.9 | 77.1 | 1.387 | 1.0251 
48 Mig 8 14.43 145.8 160.2 | 0.57 .9959 57240 | 57.7 | 79.3 , 1.70 | 1.0290 
49 fig— * 14.44 146.3 160.7 | 0.57 .9959 62017 | 56.9 | 70.8 | 1.62 | 1.0298 
50 L20—— - 14.29 147.3 161.6 | 0.57 -9959 56761 | 57.0 | 82.6 | 2.08 | 1.0356 
51 IP : 14.26 146.3 160.6 | 0.57 - 9959 65280 | 57.5 | 75.5 | 1.67 | 1.0285 
52 122 an 14.25 148.6 162.8 | 0.57 .9959 W2134 1 57.6 | 7720) | 1277 1.0293 
53 124—4.0300 W 14.38 149.0 163.4 | 0.57 ,9959 72612 | 56.1 | 72.2 | 1.86 | 1.0233 
54 125m 14.36 148.5 162.9 | 0.57 .9959 63312 | 57.0 | 76.6 | 1.71 | 1.0289 
55 126— : ‘ 14.31 149.2 163.5 | 0.57 -9959 64500 | 56.7 | 71.1 | 1.40 | 1.0238 
56 i — 14.27 149.5 163.8 | 0.57 -9959 62100 | 57.0 | 73.7 | 1.28 | 1.0215 
57 128—4.0703 W 14.22 148.6 162.8 | 0.57 -9959 94657 | 56.9 | 75.4 | 1.90 | 1.0272 
58 129— < ‘ 14.11 149.2 163.3 | 0.57 . 9959 73984 | 56.7 | 76.2 | 1.89 | 1.0277 
59 130— ei 14.21 149.1 163.3 | 0.57 -9959 71182 | 56.9 | 79.7 | 2.62 | 1.0881 
60 13i— fed 14.14 149.4 163.5 | 0.57 .9959 85371 | 57.0 | 77.4 | 2.16 | 1.0308 
61 132— ra 14,28 149.4 163.7 | 0.57 .9959 #6456 | 57.0 | 79.3 | 2.03 | 1.0296 
62 1383— 14.31 148.3 162.6 | 0.57 .9959 97785 | 57.3 | 76.8 | 1.76 | 1.0254 
63 134— : : 14.17 148.3 162.5 | 0.57 - 9959 69250 | 57.0 | 82.1 | 1.78 | 1.0257 
64 135— 14.28 147.3 161.6 | 0.57 .9959 51450 | 57.7 | 90.4 | 3.58 | 1.0516 
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TABLE 31 Water Log Dara 
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Feed Water Corrections 
ee Water 
eighed 
‘ Water Steam 
2 Gage Feed Tank | pressure q 
iS 
= 3 Sues 
i n od a oO =I “4 
3 b Sue ec cie wel Sete | aoe! Sales 
a 8 fo} & S eto ae! 8 g Sally te B 
3S 3g 25 ~ Ww) 6) o S 5 ie) 
5 So Sites Gee Bel ee rs Os ealee 
8 eee Nee le Maal eee he a Sc ean tg later 
4 ees obese | ed 0S £ eee Sree aieme 
g oD 3 a © ) n 5 o ] 
Ss = 3 © ® =| 4 o 
VA 5 [ey G en 
& = 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Lb. Lb. Bel, |! aay, In. ines jabs |) Labs | Tubs Lb. 
1 21—4.0703 W | 75 801 | 60075 | 4.25 | 4.00 | 14.70 | 17.40] 158 | 150 = sbyl 
2 oe 55 803 | 44165 | 5.60 | 1.20 | 25.20] 25.00/ 150] 151 +1056 
3 4 61 804 | 49044 | 3.70 | 4.50 | 20.50] 20.00 | 150] 151 + 184 
4 Gea SS ie 803 | 61831 | 4.25 | 4.80 | 27.50] 34.00] 153} 150 —1092 
is Cel 69 803 | 55407 | 4.00 | 3.10 | 31.75 | 28.70 | 151] 147 | 406a | + 223 
6 30-—-5.0602 W | 60 806 | 48360 | 5.00 | 2.50 | 29.00} 28.00} 153] 153 + 726 
ui aie 62 806 | 49972 | 5.50 | 4.75 | 35.00 | 26.00} 154] 151 +1468 
8 ope 42 806 | 33852 | 4.25 | 7.50 | 30.25 | 22.75 154] 154 —— 49) 
9 eye oe 54 808 | 48682 | 6.00 | 4.25 | 24.50] 25.25 | 150] 149 + 292 
10 ga Te 60 806 | 48360 | 5.25 | 6.00 | 22.75 | 24.75 | 149] 150 | 300b | — 159 
11 Bs 60 805 | 48800 | 3.75 | 3.25 | 26.25 | 22.75 | 153] 148 + 591 
12 37--5.0200 W | 40 806 | 32240 | 4.75 | 4.50 | 25.50 | 24.50 | 148] 147 + 196 
13 eg 53 806 | 42718 | 4.50 | 4.75 | 28.75 | 21.50 | 182] 148 + 241 
14 i oe 52 806 | 41912 | 4.50 | 4.00 | 26.75 | 22.25) 149] 149 sr Ce) 
15 Cle 44 806 | 35464 | 3.50 | 5.25 | 28.25 | 30.25 | 149] 148 — 706 
16 iGiee Ot 37 806 | 29822 | 5.25 | 5.75 | 28.25 | 26.00 | 152] 150 — 240 
17 43—4.0700 W 60 805 48300 | 3.75 | 4.50 24.00 22.75 147 147 ap ot 
18 ime Oe 62 806 | 49972 | 4.50 | 5.25 | 23.25 | 20.50) 150] 150 aieeeo 
19 (Gee 61 806 | 49166 | 5.00 | 5.00 | 29.50] 20.75 | 152] 151 +1266 
20 ACs 61 806 | 49166 | 5.75 | 6.00 | 26.50) 19.25 | 151 150 | 146¢ | + 883 
21 47--6.0402 W | 66 805 | 53130 | 4.50 | 4.50 | 25.00 | 22.75 | 148] 151 | 214ce | + 200 
22 (Ge= 63 805 | 50715 | 4.50 | 6.00 | 26.00 | 27.50] 147] 149 | 301le | — 774 
23 (ies MS 59 805 | 47495 | 4.75 | 5.50 | 26.25 | 27.00] 146) 145 | 510c | — 665 
24 Ona 67 805 | 53935 | 4.80 | 6.50 | 27.00] 27.30] 152] 149 | 494c | — 823 
25 51—5.1610 W | 58 805 | 47495 | 4.00 | 3.50 | 22.25 | 22.80! 150] 151 | 5380c | — 344 
26 eS FS 63 806 | 50778 | 4.50 | 4.25 | 22.25 | 20.75 | 150] 152 | 480c | — 61 
27 536.0402 W | 66 805 | 53130 | 4.25 | 4.50 | 25.25 | 25.50] 149] 151 | 781c | — 884 
28 93--5.1610 W | 61 807 | 49227 | 6.00 | 6.50 | 24.00} 26.00 | 149] 153 — 380 
29 Cy ee 55 807 | 44385 | 7.00 | 5.00 | 29.00} 26.00] 148] 150 sp Ey) 
30 Cia oe 59° 807 | 47613 | 4.00 | 3.50 | 28.00] 25.00 | 152] 150 + 540 
31 96—7 .1610— 60 807 | 48420 | 7.00 | 5.75 | 29.00 | 23.80] 150] 151 +1054 
32 yes 53 $07 | 42771 | 4.00 | 5.00} 27.50 | 29.75 | 147] 155 a= Sis 


a. Leakage from Pump. b. Valve in weighing tank accidentally opened. 
c. Leakage through Blow-off Valve. 
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TABLE 31 Warer Loc Data (Concluded) 
Feed Water Feed Water Corrections 
Weighe si 
: WaterGage|Level at Start Subir 
n 
o q 
S) 
A S 3S a 
© ro) Q 
E 2 a) 2 | Syleumee me) eoallseumedtesmimee 
7, z om | & 5 roa es a 5 Slee ine E 
acy Ho i) rs 3 3 wey ae} o io) 3 ic} 
g SB} A @ 3 3 : s 3S e) 
2 = on bp > ) } = 
} eh ey 3 S = = a a 5 3 
fo} n a ca o os ° » 
S SM | ‘ee 5 cs FI > Fs 2 = 8 ° 
4 Za] 3 Ss | s S eis On ones 
3S al ) o fia) | 9 
a| £ § m fe 3 
l=! 
1 2 3 4 5 6 ul 8 9 lo ll 12 13 
Lb. Lb. ine) in. In. In, Lb. | Lb. | Lb. Lb. 
33 98—7 .1610— 64 807 51648 | 6.00 | 6.00 29.00 25.80 150 
34 90= aes 65 807 52455 | 3.00 | 4.80 27.00 26.00 150 
35 100 se 60 807 48420 | 3.25 | 5.50 29.00 28.50 145 
36 1o1—  ‘' 77 807 62189 | 3.50 | 2.50 27.00 28.00 149 
37 102—5.1006 W | 48 807 38736 | 5.00 | 3.25 25.00 25.50 152 
38 10a— s**" 58 807 46806 | 7.00 | 5.00 31.00 20.05 153 
39 107— 60 807 48420 | 3.00 | 4.00 26.00 29.00 147 
40 109—  ‘' 58 807 46806 | 4.00 | 7.00 27.00 24.00 154 
41 lio— ‘' 70 807 56490 | 5.50 | 3.50 28.00 28.00 156 
42 Tile ee 50 807 40850 | 2.25 | 1.75 28.00 30.00 145 
43 Se 68 807 54876 | 6.00 | 3.50 26.50 27.00 150 
44 ids 55 807 44385 | 5.00 | 5.7 25.00 29.50 150 
45 115—6.0200 W 31 807 25017 ) 5.00 | 3.50 26.50 24:50 150 
46 116— ~~ 28 807 22596 | 5.00 | 5.5 24.00 27.00 141 
47 17— ‘ 34 807 27438 | 3.50 | 2.50 29.50 25.00 150 
48 is. 6S 46 807 87122 | 4.50 | 5.75 25.50 27.00 144 158) nese — 457 
49 Li9— ; 30 807 24210 | 6.75 | 4.50 28.00 27.00 147 DRS Baise + 688 
50 120— 44 807 35508 | 3.50 | 4.00 27.50 29.50 151 aS en ee — 430 
51 121 = oS 44 807 35508 | 4.75 | 3.50 26.00 28.00 151 Lt i eee aN 
52 122 a 51 807 41157 | 6.50 | 4.50 25.00 28.50 145 1509) snemae a 
Hy 124—4.0300 W |} 54 807 428578 | 4.00 | 3.50 27.00 30.00 141 
54 ipa 46 807 37122 | 5.00 | 3.50 25.00 28.00 151 
55 126— ‘' 42 807 33894 | 5.50 | 3.75 23.50 28.00 154 
56 Ve oe 51 807 41157 | 6.50 | 4.00 24.50 26.25 155 
57 128—4.0703 W | 68 807 54876 | 4.50 | 3.00 27.00 25.00 154 
58 1599 — 57 807 45999 | 4.00 | 5.00 26.50 26.75 151 a Se dl ae — 202 
59 130— : 45 807 36315 | 5.00 | 4.50 27.17 26.00 148 PAB beiacee cts + 274 
60 131—  °' 62 807 50034 | 1.75 | 6.25 25.00 27.50 149 167 eas —1384 
61 130 -— 5s 68 807 54876 | 5.00 | 2.00 26.75 23.00 150 146 io) Saesee +1221 
62 leiss— 82 807 | 66174 | 2.00 | 5.00 | 25.00 | 24.00] 150] 148 ]...... — 565 
63 | 134— : ; 70 807 | 56490 | 7.00 | 3.00 | 30.75 | 24.50] 151] 146 * +1808 
64 135— 34 807 27438 | 5.50 | 3.25 27.50 27.00 148 NBO ero ee + 609 
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TABLE 32 ToraL WATER 


Total Water 


ic) u ra 
© 2 Ses ia qd 
a Be = oa aS Ke) Eguivalent Evaporation 
a & fa ace ae P'S = from and at 212° F. 
; al ~ & og As = 
S > oe lors Sq. BOs gS ay 
Z 3 rae 2 5 Sh 3538 e 8 Ge EE sees. 
2 55 q ip HO papeye=) le q 2 'o Do cs 
Ss pL tp O HR Poa?) ica} a So & OAM 
I 3a TS AeA os Bafest || SS 
iS) aS D ry Loe OH 3S q ak Sak 
2 co) = Co) inl Po ay oo eB HOR 
gS Oy, ie EAC) Bo 5 < atZ | 2-8 
4 g 2 a 530 eh 2 3) g 8 8 Se 
ae 2 So S65 = 2 a) (|| ee 
Ss & gs BS S o Fig 
1 2 3 4 5 7 8 | 9 10 
Code Item 20 57 58 59 60 61 61.1 f 
oR. Lb. Lb. Lb. Lb. Lb. | Lb. 
1 21—4.0703 W 56.0 59724 72326 59274 1.2110 T1781 72965 1184 
2 23s 55.5 45221 54817 44828 1.2122 54340 55525 1184 
3 ga— ‘ 56.0 49228 59630 48450 1.2113 58688 60395 1707 
4 2— ‘ 57.0 60739 73512 60198 1.2103 72858 74249 1391 
5 2655 57.0 55630 67329 55152 1.2103 66750 68619 1869 
6 380—5 .0602 W 56.0 49086 59458 48242 1.2113 58436 60283 1847 
7 i 56.0 51440 62284 50647 1.2108 61323 63087 1784 
8 3e—-—*S 56.0 338038 40946 33083 1.2113 40073 41411 1338 
9 34— 56.0 43924 53183 43291 1.2108 52417 53979 1562 
10 aie 8 58.0 48201 58261 47603 1.2087 57538 59091 1553 
vm 56 ee 57.0 48891 59143 48324 1.2097 58458 60311 1853 
12 37—5.0200 W 57.0 32436 39238 31891 1.2097 38579 39840 1261 
13 2—- = 57.5 42959 51950 42332 1.2093 51192 53004 1812 
14 40 57.8 42684 51600 42101 1.2089 50896 52494 1598 
15 AGeae GN 56.0 34758 42085 34313 1.2108 41546 42626 1080 
16 19 56.0 29582 35812 29118 1.2106 35250 36480 1230 
17 43—4.0700 W 56.0 48307 58490 47771 1.2108 57841 59992 2151 
18 flea UE 56.0 50197 60779 49635 1.2108 60098 62622 2524 
19 45— “* 56.0 50432 61063 49842 1.2108 60349 62708 2559 
20 46— ~* 55.5 50049 60624 49423 1.2113 59866 62296 2430 
21 47—6 .0402 W 56 0 53330 64572 52706 1.2108 63816 66822 3006 
22 Agar 56.5 49941 60439 49227 1.2102 59575 62154 2579 
23 40a 56.5 46830 56669 46212 1.2101 55921 58834 2913 
24 R= 8 56.0 53112 64250 52825 1.2097 63902 66656 2754 
25 51--5.1610 W 57.0 47151 57015 46878 1.2092 56685 59332 2647 
26 52— a 56.5 50717 61378 50438 1.2102 61040 63622 2582 
27 53—6.0402 W 54.8 52246 63296 51990 1.2115 62986 65568 2582 
28 93—5.1610 W 56.5 48847 59115 48490 1.2102 58683 60578 1895 
29 94— ** 57.1 45302 54820 44971 1.2101 54419 56535 2116 
30 Chie) wie 56.3 48153 58289 47801 1.2105 57863 59917 2054 
31 96—7.1610 — 56.1 49474 59893 49271 1.2106 59647 61531 1884 
32 Cyj=> Of 56.7 42256 51155 42083 1.2106 50945 52646 1701 
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TABLE 32 Torau WATER (Concluded) 


Total Water 
6 rE, H Lo} roy 
a ou 8 one 3b g Equivalent Evaporation 
2 29 S S as 3 from and at 212° F. 
e | A) Fe | gg 3 E 
Leal aed 
> © of Sore sq. bOg a om 
Z 8 ef | 28 | Bes | sss | § g | 8 4/383 
2 55 a Bo sas S| q See DE 
s ee) ae Ke) pHnr Lon 3S Qa, QDs 
a 3a Fe ak ° > Pay q au Ogu 
2 AS Es 2s 425 © z eo | Hos 
8 Sig, = 36 ta 5 & ars rs & 3 
4 go =| dies] OF 2 Bi 3 3 Sse 
03 5 = }° 3 Oo 3 A, D 5 Heo 
a = s S| nad = o S ic} pp 
1 2 3 4 5 7 8 9 10 
Code Item 20 57 58 59 60 61 6t.4 f 
on. Lb. Lb. Lb. Lb. Lb. Lb. 
33 98—7 .1610— 56.5 52102 63059 51888 1.2103 62800 64721 1921 
owe B4 e= os 56.8 52164 63092 51950 1.2095 62833 64523 1690 
35 100—— ee 56.7 48023 58093 47821 1.2097 57849 59341 1492 
36 10. 56.6 62209 75254 61948 1.2097 74938 76849 1911 
37 102—5.1006 W 57.0 39025 7193 38861 1.2093 46995 48320 1325 
38 104— 9 ee 56.6 48024 58090 47827 1.2096 57851 59725 1874 
39 ieee 2% 56.7 47704 57698 47504 1.2095 57456 59122 1666 
40 109—* 57.0 46550 56298 46396 1.2094 56111 57676 1565 
41 bee 56.9 56900 68832 56712 1.2097 68605 70416 1811 
6. || bie 57.5 40152 48536 39931 1.2088 48269 50006 1737 
| 
43m AS) 5S 57.9 55340 66878 55113 1.2085 66604 68362 1758 
AA DT a— 7.0 43543 52657 43364 1.2093 52440 53483 1043 
45 | 115—6.0200 W 57.0 25645 31010 25540 1.2092 30883 31923 1040 
46 |116— ‘* 7.0 22106 26724 22015 1.2089 26614 27423 809 
47 e/a 57.9 28314 34206 28198 1.2081 34066 34921 855 
48 | TLS =— mes 58.0 36665 44291 36515 1.2080 44110 45389 1279 
49 iiij== <8 58.0 24898 30079 24796 1.2081 29956 30848 892 
50 120s ue 57.6 35078 42395 34934 1.2086 42221 23724 1503 
51 Iie 58.0 35491 42877 35345 1.2081 42700 43917 1217 
52 122 58.0 41143 49717 40974 1.2084 49513 50963 1450 
53 124—4.0300 W 56.9 43287 52360 43109 1.2096 52145 53360 1215 
54 125 57.6 37029 44761 36877 1.2088 44577 45865 1288 
55 126" 5: 57.0 33601 40640 33463 1.2095 40473 41436 963 
Be | RS 57.1 41473 50157 41302 1.2094 49951 51024 1073 
57 128—4.0703 W 57.3 55494 67092 55266 1.2090 66817 68634 1817 
58 | 129—- ‘ : 57.0 45707 55283 45520 1.2095 55056 58581 1525 
59 | 130— ; ‘ 57.0 36589 44254 36439 1.2095 44073 45751 1678 
60 131-— re 57.0 48650 58842 48451 1.2095 58601 60406 1805 
61 132— a 57.0 56097 67855 55867 1.2096 67577 69577 2000 
62 133— 58.0 65609 79275 65340 1.2083 78950 80955 2005 
63 4 58.0 58298 70441 58059 1.2083 70153 71955 1802 
64 135 59.0 28047 33856 27932 1.2071 33717 35456 1739 
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TABLE 33 FuEL AND WATER PER HouR 


Fuel per Hour Water per Hour 
S ; = 
a 3 ce om 3 g | Equivalent Evaporation from 
2 A 2S | SOs | Ss and at 212° F. 
= Ss Es oe eS) De 
ay ® 2) oe ass BS oo 
; a = g as aaa 5n ais Compensated 
) is ie SU) ws Ou oS j|for Water Back 
a 8 = S uo OSH (ee ee  ——————— 
8 s o Ee Pap ab = OHO coma 
5 S eset he See ee ibe 
Q = eae sS ic) She! Lee} ee 
3 ab D Shee, QOS Ss a aos 3 OS bo” 
H 3 25) SNS B gn = ae) 
4 a 2 Oe \\as Se oS o JAB Es 
g | wf (gem) os Be | aes 
u a > oo 
Doesnt Qn =e ae 
14 2 3 4 5 6 7 8 10 al 
Code Item 46 47 48 49 62 63 64 63.1 64.1 
Lb. Lb. Lb. Lb. Lb. Lb. Lb Lb. Lb. 
1 21--4.0703 W 1148 964 30.05 | 0.47 7255 8786 4,33 8931 4.40 
2 PB OU 1070 937 28.05 0.462 1373 8937 4.41 9132 4.51 
3 oa ie 910 784 23.83 0.387 5930 7183 3.54 7392 3.64 
4 25— vi 1127 985 29.50 0.486 7553 9141 4.51 9315 4.60 
5 26— ahs 1065 913 27.88 0.450 7228 8748 4.32 8993 4.44 
6 30—5 .0602 W 878 754 22.98 | 0.372 6030 7304 3.60 7535 3.7 
us Bil OE 938 798 24.56 | 0.394 6438 7795 3.85 8022 3.96 
8 32— as 867 753 22.70 | 0.871 5961 7221 3.56 7462 3.68 
9 34— ae 899 789 23.52 0.389 5971 7230 3.57 7445 3.67 
10 35— ns 87 769 22.84 0.379 5853 7074 3.49 7265 5.58 
11 386— ies 867 | 770 22.69 0.380 5980 7234 3.57 7463 3.68 
12 37—5 .0200 W 982 | T1 25.69 | 0.380 4957 5997 2.96 6193 3.05 
13 39— on 1023-828 26.78 0.406 5336 6453 3.18 6681 3.29 
14 40— va 1023 | 827 26.78 0.408 5409 6539 3,22 6744 3.32 
15 41— 2 1201 | 917 31.45 0.452 6020 71289 3.60 7478 3.69 
16 42— 44 1128 , 864 29.53 0.426 5710 6912 3.41 7153 8.53 
17 43—4.0700 W 898 | 761 23.51 0.375 5861 7097 3.50 7361 3.63 
18 44— ee S00 ck 23.57 0.380 6154 7451 3.68 7764 3.83 
19 45— St 909 | 779 23.80 0.884 6166 7466 3.69 7758 3.83 
20 46— = 925 792 24.22 | 0.391 6256 7579 3.74 7886 3.89 
21 47—6.0402 W 859 754 22.48 0.372 6339 7675 3.79 8036 3.97 
22 48— a 812 T27 21.25 | 0.359 5967 7221 3.56 7536 3.71 
23 49— ye 756 660 19.7 0.325 5624 6806 3.36 7160 3.53 
24 00 oe 854 47 22.385 | 0.368 | 6351 7683 3.79 8014 3.95 
25 51—5.1610 W 791 683 20.70 | 0.337 5581 6748 3.33 7063 3.48 
26 a 878 768 22.98 0,379 | 6213 719 3.71 783% 3.86 
27 53-—6.0402 W 855 773 22.38 0.3881 6189 7498 3.70 7805 3.85 
28 93—5 .1610 W 833 739 21.79 | 0.365 5901 7142 3.52 1372 3.63 
29 94— i 823 728 21.55 | 0.359 | 5753 6962 3.43 7232 3.56 
30 95— a 851 749 22.28 0.370 5926 W174 3.54 7428 3.66 
31 96-—7.1610— 844 738 22.10 | 0.364 5972 7230 3.57 7458 3.68 
32 C= e 838 722 21.90 | 0.356 5845 7076 3.49 7312 3.61 


132 ILLINOIS ENGINEERING EXPERIMENT STATION 
TABLE 33 FUEL AND WATER PER Hour (Concluded) 
Fuel per Hour Water per Hour 
S cS] 5 cs] Ss : 
Z, 2) i) ® Equivalent Evaporation from 
S 4 ee ES Be and at 212° F. 
ai Col 5 mS) vo 
: F e a BE | BBS] ba 24 | Compensated 
S SS + ic} oN Sa e Ow OB for Water Back 
a 5 Fa o Pq | OOF ies cy [= y 
3 fs & Fe 3 Lg » on io} ig = oO x (3) es . 5 
é 2 2 BE | Ses | om Ce ae Eon 
° 0 =) ath ‘od re) 5 Suk = 1. 
2 > @ So | Oo | Ss a ogs 8 josws 
g hi 3 26 50d o@ Nan o 6 |ne as 
4 QA 2 Oe, Qu nes ae = nw BH 
A) eee [eee 2 S35 
5) a) 6) a Pass ae: 
1 2 3 4 5 6 7 8 9 10 11 
Code Item 46 47 48 49 62 63 64 63.1 64.1 
Lb. Lb. Lb. Lb. Lb Lb Lb Lb. Lb 
33 98—7,1610— 890 781 23.28 0.885 6190 7491 3.70 7720 3.81 
34 99— cy 916 803 23.98 0.396 6494 7789 3.84 7998 3,94 
35 100 - ee 1017 894 26.62 0.441 7032 8507 4.20 8726 4.31 
36 1K) bie a 1144 995 29.90 0.491 7648 9251 4.57 9487 4.68 
37 102—5. 1006 W 831 747 21.75 0.368 6424 71768 3.83 7987 3.94 
38 104— bs 769 682 20.13 0.336 5844 7070 3.49 7299 3.60 
39 107 ae 783 700 20.49 0.345 5865 7093 3.50 7298 3.60 
40 109— ; 815 727 21.34 0.359 5935 7178 3.54 7378 3.64 
41 110=— ae 1020 898 26.70 0.443 7510 9084 4.48 9324 4.60 
42 112 oi 696 608 18.23 0.300 5086 6149 3.03 6370 3.14 
43 1B— “ 1051 934 27.51 0.461 7550 9124 4.50 9365 4.62 
44 114— ae 1319 1150 34.54 0.568 9002 10886 5.87 11102 5.47 
45 115—6.0200 W 644 510 16.86 0.251 3186 3852 1.90 3982 1.96 
46 116— a 725 600 18.97 0.296 3670 4436 2.19 4571 2.25 
47 i= Cs 740 635 19.37 0.313 4219 5097 2.51 5225 2.57 
48 118— oa? 769 642 20.12 0.316 4593 5549 2.7. 5710 2.82 
49 119— oe 616 507 16.12 0.250 3358 4057 2.00 4177 2.06 
50 120— a 741 606 19.41 0.299 4277 5170 2.55 5354 2.64 
51 121—- os 754 622 19.73 0.307 4418 5338 2.63 5490 2.70 
52 122-- xa 813 680 21.28 0.385 4864 5883 2.90 6055. 2.98 
53 124—4.0300 W 996 781 26.08 0.385 5479 6628 3.27 782 3.34 
54 125— xa 820 642 21.46 0.316 4543 5492 2.71 5651 2.79 
55 126— : ; 1000 791 26.17 0.390 5577 6745 3.32 6905 3.40 
56 ei 1055 829 27.62 0.409 5886 7119 3.51 7272 3.58 
57 128—4.0703 W 901 791 23.58 0.390 6685 8082 3.98 8302 4.09 
58 129— ; : 885 790 23.16 0.390 6694 8096 3.99 8320 4.10 
59 130 — i 679 601 17.77 0.296 5026 6079 3.00 6311 3.11 
60 ii - 787 698 20.60 0.344 5945 7190 3.54 7411 3.65 
61 132— fa 867 768 22.70 0,379 6397 7738 3.82 7967 3.93 
62 133— 1103 985 28.87 0.486 | 8219 9931 4.90 10183 5.02 
63 134— k : 1052 938 27.55 | 0.463 | 7881 9523 4.70 9768 4.82 
64 1385— 529 471 13.85 0.233 3990 4817 2.38 5065 2.50 
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TABLE 34 HorSE POWER AND ECONOMIC RESULTS 


Horse Power Economic Results 
| 
: Compensated for 
& 2 Performance WAtomiact 
g 23 |, @ (Equivalent Evapor-| 3 |Eauivalent Evapor- 
? ia co} =) S 8S ation from and at 85 ation from and at 
Ss z e Ms |6 212° F. 5 212° F 
a 2 © 4H oH 
8 Be © iS Bt Lo} ae 
3 See eee| Se) eee ee fa | oa uee 
8 A | §¥ lefe| Be | 28] BS lesa] 2/88] BS 
aa (96, 3 i6) sam |Sha/] 5 5 3a 
. Selena) OS) eo eect pelos lola 
Se [ss°|/ S| ar) a2 [so |S | Ah!) ae 
o aa Heo BA rar g ag wo BA u q 
ay ag Os oD 0O Bg os o OO 
<6 AS | MO Ifo Ss | A He) 
| 3s 3 
1 2 3 4 5 6 7 8 9 10 ll 12 
Code Item 65 67 68 69 70 vat 68.1 | 69.1 | 70.1 rh ea 
He % Lb Lb Lb Lb. Lb Lb Lb Lb 
1 21—4.07038 W 254.7 121.3 | 5.19 | 6.24 | 7.65 9.11 | 5.28 | 6.34 | 7.78 9.26 
2 93— ‘* 259.0 123.3 | 5.65 | 6.79 | 8.35 9.54 | 5.77 | 6.94 | 8.53 9.75 
3 Bie" 208.2 99.1 | 5.47 | 6.52 | 7.89 9.16 | 5.63 | 6.71 | 8.12 9.43 
4 2—- | 265.0 126.2 | 5.47 | 6.56 | 8.11 9.28 | 5.57 | 6.69 | 8.26 9.46 
5 2— ** 253.6 120.8 | 5.56 | 6.68 | 8.21 9.58 | 5.72 | 6.87 | 8.44 9.85 
6 80—5.0602 W 21.7 100.8 | 6.14 | 7.30 | 8.32 9.69 | 6.33 | 7.53 | 8.58 | 10.00 
a 31—  ‘' 225.9 107.6 | 6.05 | 7.21 | 8.31 9.77 6.23 | 7.42 | 8.55 | 10.05 
8 Bp 209.3 99.7 | 6.15 | 7.29 | 8.32 9.59 | 6.36 | 7.53 | 8.60 9.91 
9 3 209.6 99.8 | 5.86 | 6.99 | 8.05 9.16 | 6:03 | 7.20 | 8.30 9.43 
10 35—" “* 205.0 97.6 | 6203 | 7519) ) 8.11 9.20 | 6.19 | 7.38 | 8.33 9.45 
11 3e— 209.7 99.9 | 6.11 | 7.31 | 8.34 9.40 | 6.30 | 7.54 | 8.60 9.70 
12 37—5.0200 W 173.8 82.8 | 4:32 | 5.14 | 6.11 7.78 | 4.46 | 5.31 | 6.31 8.03 
13 39 187.0 89.0 | 4.52 | 5.39 | 6.31 7.84 | 4.68 | 6.62 , 6.53 8.12 
14 sO 189.5 90.2 | 4.49 | 5.86 | 6.39 | 7.91 | 4.63 | 5.53} 6.59 | 8.16 
15 4i— ‘' 211.3 100.6 | 4.34 | 5.19 | 6.07 7.95 | 4.45 | 5.82 | 6.23 8.16 
16 ipa 8 200.3 95.4 | 4.22 | 5.04 | 6.18 | 8.00 | 4.37 | 5.22 | 6.34 | 8.28 
17 43—4.0700 W 205.7 98.0 | 5.37 | 6.43 | 7.90 82s be 0 6267 NeSal 7s 9.67 
18 Wi 216.0 102.9 | 5.58 | 6.68 | 8.28 9.66 | 5.81 | 6.96 | 8.63 | 10.07 
19 45— ‘' 216.4 103.0 | 5.60 | 6.71 | 8.21 9.58 | 5.82 | 6.97 | 8.53 9.95 
20 46—- ‘' 219.7 104.6 | 5.56 | 6.65 | 8.20 9.56 | 5.79 | 6.92 | 8.53 9.95 
21 47—6.0402 W 222.5 106.0 | 6.67 | 7.98 | 8.94 | 10.18 | 6.98 | 8.36 | 9.36 | 10.66 
22 4g— ‘' 209.3 99.7 | 6.66 | 7.94 | 8.90 9.94 | 6.95 | 8.28 | 9.29 | 10.37 
23 4g9— ‘ 197.3 94.0 | 6.69 | 7.99 | 9.01 | 10.32 | 7.04 | 8.41 | 9.48 | 10.86 
24 50-— ‘S 222.7 106.0 | 6.64 | 7.99 | 9.00 | 10.29 | 6.98 | 8.33 | 9.39 | 10.73 
25 51—5.1610 W 195.6 93.1 | 6.29 | 7.56 | 8.53 9.88 | 6.58 | 7.91 | 8.93 | 10.33 
26 5e— Sl 217.9 103.8 | 6.34 | 7.63 | 8.57 9.79 | 6.61 | 7.95 | 9.04 | 10.20 
7 53—6 .0402 W 217.3 103.5 | 6.53 | 7.87 | 8.77 9.70 | 6.80 | 8.19 | 9.13 | 10.10 
28 985.1610 W ~ 207.0 98.6 | 6.51 | 7.82 | 8.58 9.66 | 6.72 | 8.07 | 8.86 9.97 
29 yi" 201.8 96.1 | 6.47 | 7.77 | 8.46 9.56 | 6.72 | 8.07 | 8.79 9.93 
30 9— ‘' 207.9 99.0 | 6.42 | 7.72 | 8.48 9.57 | 6.65 | 7.99 | 8.73 9.91 
31 96—7 .1610— 209.6 99.8 | 6.60 | 7.95 | 8.56 9.66 | 6.81 | 8.20 | 8.83 9.96 
32 37 205.1 97.7 | 6.50 | 7.84 | 8.44 9.80 | 6.72 | 8.10 | 8.72 | 10.13 
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TABLE 34 Horsz Power AND Economic RESULTS (Concluded) 


Horse Power 


Economic Results 


Compensated for 


s 2 Performance Water Back 
ov 
<7) os a Equivalent Evapor- S Equivalent Evapor- 
ie S32 |-34 | ationfrom andat |p ation from and at 
ra 3 ma las 212° F. as 212° FF, 
g 5 € | SS 3o.| ls So |Bus| we 3 
3 S | oA |s83]/ SE) S_| 2 [sos 52) s_| Fa 
i 2 es m = 2 A _ 3 Ss 
g @ | 3% |age| S&.| 28] BS |AEE| Be | SS) Bs 
3 ° | 82 jeg] g2| 3°] 82 |g84| 32] 2°] 32 
£ (88 | bs| 86] 28 [88 | 58] 59] 58 
& aS | & ne) 1 us | & Ae) 
1 2 3 4 5 6 7 8 9 10 11 12 
Code Item 65 67 68 69 70 71 68.1 | 69.1 | 70.1 71.1 
H. P. % Lb. | Lb. | Lb. | Lb. | Lb. | Lb. | Lb Lb. 
33 98—7.1610— 217.1 103.4 | 6.51 | 7.85 | 8.42 9.59 | 6-71 | 8:09:\| 8.68 9.88 
34 9 225.8 | 107.5 | 6.52 | 7.85 | 8.50 9.70 | 6.70 | 8.06 | 8.73 9.96 
35 100 = mae 246.6 | 117.4 | 6.40 | 7.71 | 8.36 9.37 | 6.57 | 7.91 | 8.58 9.61 
36 HOE 5 268.1 127.7 | 6.22 | 7.49 | 8.09 9.30 | 6.38 | 7.68 | 8.30 9.54 
7 102—5.1006 W 225.2 | 107.2 | 7.10 | 8.55 | 9.35 | 10.40 | 7.30 | 8.81 | 9.61 | 10.69 
38 i ()4 eee 204.9 97.6 | 6.86 | 8.26 | 9.19 | 10.37 | 7.08 | 8.53 | 9.40 | 10.71 
3 Oe 205.6 97.9 | 6.81 | 8.21 | 9.06 | 10.14 | 7.01 | 8.45 | 9.32 | 10.43 
40 109s 208.1 99.1 | 6.65 | 8.02 | 8.81 9.87 | 6.85 | 8.24 | 9.06 | 10.15 
41 T= 263.3 | 125.4 | 6.69 | 8.07 | 8.91 | 10.12 | 6.87 | 8.28 | 9.15 } 10.39 
42 2s 178.2 84.9 | 6.69 | 8.04 | 8.83 9.95 | 6.93 | 8.33 | 9.15 | 10.31 
43 LSS ee 264.5 | 126.0 | 6.51 | 7.84 | 8.68 9.7 6.68 | 8.05 | 8.91 | 10.03 
44 Hike HY 315.5 | 150.2 | 6.22 | 7.49 | 8.25 9.47 | 6.34 | 7.64 | 8.41 9.66 
45 115—6.0200 W 1B INEZ 53.2 | 4.27 | 5.15 | 5.98 7.56 | 4.41 | 5.32 | 6.18 7.81 
46 inga= Ss 128.6 61.2 | 4.37 | 5.27 | 6.12 7.39 | 4.50 | 5.43 | 6.31 7.61 
7 a 147.7 70.3 | 4.49 | 5.41 | 6.89 8.03 | 4.60 | 5.55 | 7.06 8.23 
iti 160.8 76.6 | 4.89 | 5.89 | 7.21 8.65 | 5.03 | 6.06 | 7.42 8.90 
49 Wig 117.6 56.0 | 4.53 | 5.45 | 6.59 8.00 | 4.67 | 5.61 | 6.7 8.24 
50 120 149.9 71.4 | 4.68 | 5.63 | 6.97 8.53 | 4.85 | 5.83 | 7.22 8.83 
51 l= 28 154.7 | _ 738.7 | 4.73 | 5.69 | 7.08 8.58 | 4.87 | 5.85 | 7.28 8.82 
52 22 ee 170.5 81.2 | 4.84 | 5.83 | 7.23 8.65 | 4.98 | 6.00 | 7.44 8.90 
53 124—4.0300 W 192.1 91.5 | 4.33 | 5.22 | 6.65 8.48 | 4.43 | 5.34 | 6.81 8.68 
54 125— a 159.2 75.8 | 4.36 | 5.25 | 6.70 8.56 | 4.49 | 5.40 | 6.89 8.81 
55 126— : 195.5 93.1 | 4.41 | 5.30 | 6.74 8.52 | 4.51 | 5.42 | 6.90 8.72 
56 127— 5 206.3 98.2 | 4.41 | 5.31 | 6.7 8.59 | 4.50 | 5.42 | 6.88 8.77 
57 128—4.0703 W 234.3 | 111.6 | 6.17 | 7.43 | 8.97 | 10.21 | 6.34 | 7.63 | 9.23 | 10.49 
58 129— bs 234.7 | 111.8 | 5.88 | 7.08 | 9.15 | 10.04 | 6.04 | 7.28 | 9.40 | 10.32 
59 1S 0 176.2 83.9 | 6.10 | 7.35 | 8.95 | 10.12 | 6.33 | 7.63 | 9.29 | 10.51 
60 UBS IES et 208.4 99.2 | 6.09 | 7.33 | 9.14 | 10.30 | 6.28 | 7.56 | 9.42 | 10.62 
61 Gps 224.3 | 106.8 | 6.10 | 7.35 | 8.92 | 10.07 | 6.28 | 7.57 | 9.18 | 10.37 
62 133-- 287.9 | 187.1 | 6.25 | 7.52 | 9.00 | 10.09 | 6.41 | 7.71 | 9.28 | 10.35 
63 134— ms 276.0 | 181.4 | 6.07 | 7.31 | 9.05 | 10.15 | 6.28 | 7.50 | 9.28 | 10.41 
64 1385— 139.6 66.5 | 6.10 | 7.33 | 9.11 | 10.22 | 6.41 | 7.71 | 9.58 | 10.75 
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TABLE 35 EFricigENcy AND Cost oF EVAPORATION 


Lov 


Efficiency Cost of Coal 
a n 
Compensated fig = 
2 or oy 5 ) S 
ge Water Back s fina Go 
a 3 of es 
2 : © Sea ese 
No. | Laboratory File No. 5 = S us =O¢g cs! Be 
& ¢ 3 Sk Soo | Se 
oS B = te sos SAt 
BI > 5 =| io offs OBR 
2 fo) & 3 Oo apa AR 
Hq ) (=) By, S8a 
2 & 5 8 BOO. eee 
a) 3 6 H ia 3 ele 
2 5 E aah ee 
an SH ko} 
B soo iee 
: |) B 
1 2 3 4 5 6 7 8 9 
Code Item 72 73 72.1 W3cm 74 15. 76.1 
% % $ % Dollars | Dollars | Dollars 
1 21--4.0703 WwW 61.76 57.25 62.78 58.19 1.00 0.095 0.079 
2 23— = 64.55 62.60 65.96 63.96 1.00 0.087 0.073 
3 24— : 62.13 59.61 63.94 61.34 1.00 0.090 0.075 
4 25— . 62.70 60,78 63.90 61.94 1.00 0.090 0.075 
5 26— ih 64.97 62.53 66.79 64.28 1.00 0.088 0.074 
6 S0—5 0602 W 64.62 62.74 66.66 64.72 1.00 0.080 0.067 
ai 31 £: 65.22 61.80 67.12 63.60 1.00 0.081 0.068 
8 32— - 64.02 62.34 66.16 64.42 1.00 0.080 0,067 
9 34— ‘ 61.11 60.08 62.93 61.87 1.00 0.084 0.070 
10 30 K 61.438 60.37 63.09 62.00 1.00 0.082 0.068 
11 36— a 62.40 60.98 64.38 62.91 1.00 0.080 0.067 
12 37—5 .0200 WwW 52.37 48.19 54.08 49.76 1.00 0.114 0.096 
13 39— ve 52.61 49.39 54.47 51.14 1.00 0.108 0.091 
14 40— : Doeke 50.38 54.84 51.96 1.00 0.109 0.092 
15 41— oe 53.49 47.93 54.88 49.17 1.00 0.114 0.095 
16 42— es 53.88 48.27 5d..76 49,95 1.00 0.116 0.097 
17 43—4.0700 W 62.97 60.00 65.31 62.23 1.00 0.091 0.076 
18 44-- = 65.06 62.79 67,79 65.42 1.00 0.087 0.073 
19 45— SY 64.52 62.26 67.04 64.69 1.00 0.087 0.073 
20 46— ay 64.19 62.16 66.80 64.68 1.00 0.088 0.073 
21 47—6.0402 W 67,73 64.79 70.92 67.84 1.00 0.073 0,061 
22 48— ey 65.62 64.20 68.46 66.98 1.00 0.078 0.061 
23 49— = 68.66 65.49 12.24 68.90 1.00 0.072 0.060 
24 50— oes 68.69 65.73 71.65 68.56 1.00 0.073 0.061 
25 51—5.1610 W 65.12 61.60 68.16 64.47 1.00 0.077 0.064 
26 52— ‘ 65.21 62.70 67.97 65.35 1.00 0.077 0.064 
27 53—6.0402 W 64.60 63,25 67.25 65.84 1.00 0.074 0.062 
28 93—5.1610 W 64.30 63.15 66.38 65.19 1.00 9.075 0.063 
29 94— we 63.80 62.10 66, 28 64.52 1.00 0.075 0.063 
30 95— oe 63.87 61,97 66.14 64.18 1.00 0.076 0.063 
31 96—7.1610 W 63.88 62.42 65,90 64.00 1,00 0.074 0.062 
32 Tie Po 65.47 64.01 67,82 66.35 eras 0.075 0.062 
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TABLE 35 EFrricIENCy AND Cost OF EVAPORATION 


(Concluded) 


Efficiency Cost of Coal 
D n 
3 S 
Compensated gs = 
= o 
Bs or 2) op oS 
@ Water Back s Ay [e} 
t3) 2 a 
cs} Ss on Ss 
q = fo) S2 on = 
; 2) aa 0) ind —(e) a 1 g 
No. | Laboratory File No. 5 5 ° of? OHO © oh 
ke 3 3s oF + O-n Pho 
y q oo Sgr BHR 
Lo} i a Qe gm Bum 
a © 5 = aps oes OOR 
3 ie iS 3 o@ apa ALL 
= e) ¢ fa) Bue Bla 
Oo HH qd 550 Eas 
2 q D iS x 
i=l 3 3 a AS An 
a 5 eh Ml See. 
: ies Ay TSH Lo} 
S oo (3) 
fea) n n 
: p p 
1 2 3 4 5 6 7 8 9 
Code Item 72 713 72.1 73.1 74 75.1 76.1 
% % % % Dollars | Dollars | Dollars 
33 98—7.1610 — 64.01 62.64 65.97 64.56 1.00 0.075 0.062 
34 99— a 64,40 62.89 66,13 64.58 1.00 0.075 0.063 
35 100— ae 62.86 61.54 64.48 63.12 1.00 0.077 0.064 
36 101 ry 62.22 60.82 63.81 62.35 1.00 0.079 0.066 
37 102—5 1006 W 69.62 68.62 71.58 70.55 1.00 0.069 0.057 
38 104— i 69.13 67.90 71.37 70.10 1.00 0.071 0.059 
39 107— ; 67.68 66.50 69.64 68.42 1.00 0.072 0.059 
40 109— oN 65.85 64.69 67.69 66.49 1.00 0.074 0.061 
41 110= : 67.47 66.33 69.25 68.08 1.00 0.073 0.061 
42 ible x 67.69 65.30 70.13 67.69 1.00 0.073 0.061 
43 hb ag 66.71 65.46 68,47 67.19 1.00 0.075 0.063 
44 114— a 64.23 62.99 65.51 64.24 1.00 0.979 0.066 
45 115—6 .0200 W 51.62 47.27 53.36 48.86 1.00 0.115 0.095 
46 116— : : bles 48,94 52.83 50.44 1.00 0.113 0.093 
47 17 — : 54.49 53.46 55.86 54.80 1.00 0.110 0.091 
48 118— : : 58.71 56.46 60.41 58.10 1.00 0.101 0.084 
49 119— 54.30 51.49 55.92 53.92 1.00 0.109 0.090 
50 120— ie 58.48 Sonos 60.56 57.29 1.00 0.105 0.087 
51 121—— ¥ 58.63 56.25 60.30 57.86 1.00 0.104 0.086 
52 122 58.97 56.93 60.70 58.60 1.00 0.101 0.084 
53 124—4.0300 W 58.37 54.61 59.73 55.88 1.00 0.114 0.095 
54 125— A “ 59.27 55.69 60.98 57.30 1.00 0.113 0.094 
55 126— es 58.75 Sore 60.15 56.68 1.00 0.112 0.093 
56 1— 59.45 55.56 60.73 56.76 1.00 0.112 0.093 
57 128—4.0703 W 69.98 68.00 71.88 69.85 1.00 0.080 0.066 
58 129— Ne 68.24 68.54 70.13 70.40 1.00 0.083 0.070 
59 130— e 68.81 66.69 71.43 69.23 1.00 0.080 0.054 
60 131 me 70.20 68.86 72.36 70.98 1.00 0.080 0.067 
61 132 Ps 68.68 67.25 70.71 69.24 1.00 0.080 0.067 
62 133— 69.38 67.98 71.14 69.68 1.00 0.079 0.065 
63 134— ms 69.36 67.82 71.14 69.66 1.00 0.081 0.0867 
64 135—— 69.37 68.13 12.95 71.65 1.00 0.079 0.066 
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TABLE 36 AiR AND FLUE GASES 


Air Flue Gases 
Average Draft 
2 Average “ 
Pressure Analysis of Dry Gases 
in, Water Temps. z f 2 #6) 
pe OH 
eo 48 
No, | Laboratory File = 5m ES g6 %, 
No. o 2 d0 y, © oO ) 
a ® A g 5 Bele i oae 
H cs B& = o 
ao | 3 4 | oess! Bla | 2) flee 
AS a 3 me |2o A 2 S ao | how, 
afd =] a u ae i] = g Ss & 
os & © Oo | ha, g I °c) a 
Ea q ho} ec ie S ie) 8 Zz we 
cag fasta case E E 
[ea] 0 8 
1 2 3 4 5 6 7 8 9 10 11 12 
Code Item 12 13 15 16 21 84 85 86 88 Re 
ea a et Ee ee 
1 2140703. W— | eace oe 0.195 | 20.7 | 51.6 | 622 | 10.36 
2 23— Beet gr NIL pa nt 0.157 | 37.0 | 63.0 678 8.77 
3 OF a ‘ Vavanatace 0.116 | 37.0 | 61.0 | 611 | 10.26 
4 2p mies Ube Mees OR2I SEIN seen licence 708 | 8.86 
5 26— ca Ea oe 0.115 | 47.0 | 68.0 | 675] 7.82 
6 30—5 .0602 W 0.254 | 0.102 | 33.0 | 61.0] 639 | 7.04 
4 Sl aS 0.746 | 0.104 | 29.8 | 59.2 | 688 | 10.10 
8 32— ee 0.324 0.00 | 31.0 | 61.0 650 9.54 
9 34— = 0.650 | 0.134 | 32.0 | 69.0] 645 | 9.47 
10 i ie 0.715 | 0.162 | 34.0 | 61.0] 642] 6.22 
11 36— + 0.680 | 0.150 } 39.5 | 62.3] 653] 8.05 
12 37—5 .0200 W 0.880 | 0.270 | 38.0 | 60.7] 641 | 7.10 
13 39 ie 1.330 | 0.380 | 40.8 | 59.6 | 634] 6.40 
14 40— ; 1.440 | 0.430 | 39.0 | 62.1 | 626 | 5.84 
15 ZAle he 1.450 | 0.290 | 27.8 | 57.9 | 638] 7.02 
16 42— so 1.420 | 0.27 done, EE GRID ays 
17 43—4.0700 W 0.450 | 0.130 | 22.2 | 51.0} 586] 10.50 
18 44— oe 0.510 | 0.180 | 85.6 | 59.0 | 587 | 10.60 
19 45— oe 0.460 | 0.106 | 18.6 | 66.3 | 589 | 11.20 
20 46— Mi 0.650 | 0.145 | 14.3 | 44.0 | 617 | 9.94 
21 47—6 .0402 W 0.420 | 0.127 | 28.0 | 54.9] 599 | 12.40 
22 48— : 0.500 | 0.138 | 33.1 | 59.5 | 606} 11.01 
23 49 ah 0.350 | 0.105 | 31.2 | 58.2) S83 | 11.79 
24 50 aS 0.340 | 0.085 | 35.0 | 60.1 | 612 | 12.08 
25 51—5.1610 W 0.400 | 0.122 | 39.2 | 64.3 | 615 | 10.30 
26 Sea io 0.540 | 0.122 | 26.0 | 71.1 | 647 ; 10.00 
27 538—6 .0402 W 0.540 | 0.122 | 21.0 | 51.6 | 648] 9.60 
28 93—5.1610 W 0.399} 0.145 | 58.6! 72.7 | 6101 8.88 0 
29 94— ae 0.375 | 0.124 | 60.7 | 72.9 | 608 | 8.88 0 
30 9 — s 0.321 | 0.108 | 55.0 | 74.5 | 609 | 9.38 ; 0 : y 
31 96—7 .1610— 0.321 | 0.093 | 42.0 | 70.3 | 606 | 9.32 9.52 0] 81.16 | 0.00 
32 Pei ~ 0.311 | 0.124 | 53.4 | 70.7 | 600} 9.00 9.89 Oe} 81.11 | 0.00 
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TABLE 36 Arr AND FLUE GasES (Concluded) 


Air Flue Gases 
| Average Draft : 
Pressure oe 2 Analysis of Dry Gases 
| in. Water eee & Se 
& 
35 Ms 
ust om 
Laboratory File |. oF & gO x 
No. | @ t SI a2 2 Ss n as 
as | @ | S| # lege = e/a |gs8 
as| 2} alg les 2] ¢|2]| @ (S85 
aS a Ls = /f2 Qa ba s ° a9 
af a | a) 5. (Se = is See 
|; 3s R&R | @ 2 lsy 5 3 = j<¢8 
S 8 fa) M o [& Q S A ond 
= 3 ea i < u 
ea | o 8 
| | 
2 3 4 5 6 7 8 9 10 11 12 
| 
Code Item | 12 13- | 15 16 21 84 85 86 88 rit 
So Se etm % % % % 
98—7 .1610— 0.354 0.143 | 62.1 | 71.5 611 9.40 9.43 0 81.17 | 0.00 x 
99— r 0.371 0.116 | 53.9 | 73.7 627 9.47 9.40 0 81.13 | 0.00 3 
100— 0.508 0.157 | 50.7 | 72.3 655 9.52 9.28 0 81.20 | 0.00 3 
101— i 0.720 0.188 | 56.9 | 75.9 683 9.02 9.85 0 81.13 | 0.00 > 
102—5.1006 W 0.266 0.097 | 65.2 | 74.9 617 | 10.56 8.00 0 81.44 | 0.00 : 
104— chi 0.228 0.088 62.7 | 72.6 611 | 11.09 7.38 0 81.53 | 0.00 > 
107— oe 0.250 0.113 | 76.3 | 80.3 599 | 10.79 7.55 0.01 81.65 | 0.00 
109— 0.305 0.144 | 66.2 | 77.7 607 | 10.56 7.99 0.01 81.44 | 0.00 
110— 0.404 0.146 | 54.7 | 74.1 67 11.48 7.34 0.01 81.17 | 0.00 ; 
l2— hs 0.184 091 | 80.6 84.3 565 | 11.27 7.62 0 81.11 | 0.00 N 
113— ey 0.500 0.17 73.4 | 82.9 67 Lge ge 7.78 0 81.10 | 0.11 © 
114— re | 0.864 0.230 | 46.8 | 61.9 748 | 10.27 8.89 0 80.84 | 0.21 
115—6.0200 W 0.560 0.165 | 54.8 | 70.3 562 4.62 15.28 0 80.10 | 0.00 
lie— Q.818 0.313 | 69.0 | 75.5 568 4.88 15.03 0 80.09 | 0.02 
l7— 0.893 0.414 | 75.4 | 80.8 581 5.53 14.24 0: 80.23 | 0.00 
118— t | 0.830 0.363 | 60.4 | 72.6 595, 5.98 13.78 0 80.24 | 0.00 
lig— ; | 0.624 0.303 | 58.3 7.9 556 5.11 14.7 0 80.18 | 0.00 
no : 0.681 0.305 | 73.7 | g2.9 BYES 6.04 13.64 0 80.32 | 0.00 
121— 0.862 0.346 | 82.0 | 86.9 76 5.87 13.83 0 80.30 | 0.02 
he— a | O.831 0.364 | 73.4 | §1.9 607 6.20 13.41 0 80.39 | 0.00 
124—4. 0800 W | 0.845 0.339 | 54.2 | 73.4 622 6.56 12.97 0 80.47 | 0.00 
1233— ror 0.667 0.298 | 64.4 | 71.0 581 6.16 13.44 0 80.40 | 0.00 
136— .: 0.891 0.367 7.3 | T4.9 610 6.58 12.93 0 80.49 | 0.00 
Ri— | Q.891 0.381 | 73.0 | 80.9 624 6.90 12.34 0 80.76 | 0.00 
128—4.0703 W 0.303 0.132 | 57.6 | 72.2 618 | 11.08 7.52 0.01 81.39 | 0.16 
139— * 0.3 0.118 | 55.0 70.8 633 | 11.03 ily) 0 81.26 | 1.20 
130— pa 0.150 0.096 | 67.4 73.3 533 | 12.50 6.13 0.01 81.36 | 0.10 
131— Bs 0.241 0.111 | 68.4 | 26.7 57. 11.26 7.58 81.16 | 0.20 
132— ee 0.325 0.137 | 69.5 | 7 -0 604 | 10.98 7.78 0.01 81.23 | 0.15 
133-- 0.561 0.174 | 73.1 | 79.0 667 | 10.93 7.94 0} 81.13 | 0.18 
134— a 0.495 0.161 | 66.1 | 7 6 665 | 11.18 aeOL 81.21 | 0.23 
135— 0.067 0.058 | 66.5 | 76 1 gal 12.55 5.94 0.01 81.50 | 1.00 
: | 1 
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TABLE 37 ProximaTE ANALYSES OF CoAL 


Proximate Analyses 


(a) For Analysis of the Composite Samples, see page 5. 


n 
Coal as Fired Pure coal 2 D s Referred 
36 to Combus- 
Lab 4 ros] ¢ tible 
aboratory HM Ww Ht Sg 
Soe File No. a 3 a . 2 eX 
Q oS © 2 3 “652s 
rs H w Bea 5 
3 = Ss | 3 = Aor i) 
6) pb D (S) yo ov ts 
C) BD ® o3 ad s q 
s 2 ps z = Sida 3 2 
% Se % g 238 Slee 
ia iC =, oO 3 s 
a > ke > IAS 
‘é) 
1 2 3 4 5 6 um 8 9 10 11 
Code Item 32 33 34 35 32.1 33.1 34.1 | 35.1 
- % % % % % % \Chem.Lab.No.%| % G 
1 21—4.0703 W 41.48 382.46 | 18.38) 7.68 56.10 43.90 | Comp. No. 2538 | 24.86} 10.39 
2 ps ch 41.21 32.24 | 18.63] 7.92 56.10 43.90 oe 25.36] 10.78 
3 24— ae 41.37 32.83 | 17.385) 8.45 55.75 AA Doi ltelnctotetetatatelleavelelelalere 23.38] 11.39 
4 hae os 40.90 | 82.01 | 19.11] 7.98 | 56.10 | 43.90 | Comp. No. 253 | 26.21] 10.95 
a 26— zy 40.60 | 381.78 | 18.71] 8.91 | 56.10 | 43.90 2 25.85] 12.31 
6 80--5.0602 W 47 85 29.76 | 12.24)10.15 61.65 88.85 | Comp. No. 272 | 15.77) 13.08 
4 31— 2 47.59 80.38 | 13.15} 8.88 61.04 SO SOG lied ctetvetatcretet ante sfchg 16.87] 11.39 
8 Be sy 48.05 | 29.91 | 12.49] 9.55 | 61.65 | 88.35 | Comp. No. 278 | 16.02] 12.25 
9 34— on 47,87 | 29.78 | 18.18] 9.22 | 61.65 | 38.35 oe 16.91) 11.87 
10 35—— re 49 04 80.52 | 11,30] 9.14 | 61.65 | 88.35 14.20) 21.49 
11 36— < 49.28 80.28 | 12.41] 8.08 61.92 SB 208 ca dnemantecaoeseet 15.61} 10.16 
12 37—5 .0200 W 48.08 28.78 | 15.80/12.33 59.95 40.05 | Comp. No. 308 | 21.98} 17.16 
13 39— WS 43.93 | 29.83 | 14.59|12.18 | 59.95 | 40.05 os 19.92] 16.63 
14 40— oe 42,82 28.61 | 16.20|12.36 | 59.95 | 40.05 sae 22.68] 17.30 
15 41— i 43.73 | 29.21 | 14.40|12.66 | 59.95 | 40.05 ; 19.74] 17.36 
16 42— e: 42.13 | 28.14 | 17.84]11.89 | 59.95 | 40.05 oh 25.39] 16.92 
17 43—4.0402 W 389,41 382.98 | 18.68] 8.93 54,48 45.57 | Comp. No. 302 | 25.80} 12.34 
18 44— as 39.00 | 32.65 | 19.82] 9.08 | 54.43 | 45.57 he 26.96] 12.60 
19 45— = 40.81 | 84.16 | 18.33] 6.70 | 54.43 | 45.57 ee 24.45] 8.94 
20 46— 39.91 32.02 | 18.79} 9.28 55.48 FADD lie wcebesieraistee Wietel tate 26.12) 12.90 
21 47—6.0402 W 49.52 | 82.45 | 10.72) 7.81 | 60.41 | 39.59 | Comp. No. 304 | 13.08] 8.92 
22 48— ae 50.12 31.58 | 10.72) 7.58 61.35 SSLGor tae hainee stacey 13.12) 9.28 
28 49— ay 49 04 82.14 | 11.32) 7.50 60.41 89.59 | Comp. No. 304 | 13.94) 9.24 
24 0 a 49.01 | 382.12 | 11.23] 7.64 | 60.41 | 389.59 se 13.84) 9.42 
25 51—5.1610 W 54.05 26.80 | 11.48] 7.72 66.85 eis bil avenenrenaearcrice 14.14) 9.55 
26 i “ 49.78 | 81,31 | 10.94] 7.97 | 61.40 | 88.60 | Comp. No. 502 | 13.49] 9.83 
27 538—6.0402 W 50.08 82.82 | 10.21] 6.89 60.41 89.59 | Comp. No. 304 | 12.32) 8.31 
28 93—5.1610 W 50.65 1.84 8.79] 8.72 61.40 88.60 | Comp. No. 502 | 10.66) 10.57 
29 C3 Se 51.29 | 32.25 | 8.06] 8.40] 67.40 | 38.60 oe 9.65) 10.06 
30 95— a 51.01 32.07 8.44] 8.48 61.40 88.60 2 10.16) 10.21 
31 93—7.1610 51.01 33.43 7.14] 8.42 60.41 OTOO. ae sea events sferelee 8.46) 9.97 
32 oi sd 50.06 81.76 7,14}11.04 61.18 388.82 | Comp. No. 519 8.73} 13.49 
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TABLE 37 PROXIMATE ANALYSES OF CoAL (Concluded) 
Proximate Analyses 
6 
Coal as Fired Pure Coal Wee Referred 
Sea. to Combus- 
Sag tible 
Laboratory s Es Spt) 
No. File No. a 8 8 3 wees 
a 3 © 2 3 Beso 
8 a = a s = gigs 2 
iS) © a 3 o ® esas 3 q 
cS] i <a 3 =| Nog a a 
o ee) o » O86 onl < 
x Sine Cs & Ficis) g 
° (o) 
> s > S23 
2) 
1 2 4 5 6 8 9 10 11 
Code Item 32 33 34 35 32.1 33.1 34.1 | 35.1 
% % % % % % Chem.Lab.No. | % h 
33 98—7.1610— 51,18 | 32.47 | 6.79 | 9.56 | 61.18 | 38.82 | Comp. No. 519 | 8.12 |11.43 
34 9— a 50.73 | 32.10 | 7.61 | 6.47 | 61.18 | 38.82 ; 9.18 |11.42 
35 100— i 51.45 | 32.64] 7.78 | 8.138 | 61.18 | 38.82 es 9.25 | 9.67 
36 101— wi 50.44 | 31.99 | 7.34 |10.23 | 612-18 | 38.82 ae 8.90 |12.41 
387 102—5. 1008 W 59-02) Si sie S589) 8.09 (62<43 |e oeb tal Ganceseneees eeeeLOsSOn Loa ak 
38 104 — Me 50.68 | 30.46 |10.12 | 8.74 | 62.46 | 37.54 | Comp. No. 571 /|12.47 |10.77 
39 107— ae 51.46 | &0.93 | 9.40 | 8.21 | 62.46 | 37.54 ye 11.41 | 9.96 
40 109— au 51.64 | 31.03 | 8.99 | 8.84] 62.46 | 37.54 a 10.87 |10.09 
41 1100—_~—s ‘ 50.66 | 30.46 | 9.388 | 9.50] 62.46 | 37.54 a8 11.56 |11.71 
42 112— Pe 51.53 | 30.97 | 8.90 | 8.60 | 62.46 | 37.54 Ny 10.79 |10.42 
43 1b Goce ine 51.04 | 30.69 | 9.74 | 8.53 | 62.46 | 37.54 11.92 |10.44 
44 114— oa 50:37 | 30.28 | 9.25 |10.10 | 62.46 | 37.54 =F 11.47 |12.52 
45 115—6 .0200 W 46.56 TO WSTOF MT PCL GSI G 0 lee SS isan eee aes 18.75 |15.75 
46 lis— =‘ 46.60 | 28.07 |18.97 ]11.86 | 62.41 | 37.59 | Comp. No. 578 |18.71 |15.21 
47 117— om 42,84 | 25.80 |21.49 | 9.87 2.41 | 37.59 i 31.31 [14.38 
48 118— 4 44,12 | 26.58 |18.52 |10.7 62.41 | 37.59 ee 26.20 15.25 
49 119— : 44.81 | 26.99 |17.34 |10.86 | 62.41 | 37.59 a 34.15 |15.13 
50 120— : 43.53 | 26.22 |19.27 ]10.98 | 62.41 | 37.59 ee 27.63 |15.74 
51 121— nt 43,14 | 25.99 |19.68 |11.24 | 62.41 | 37.59 a 28.40 |16.26 
52 122— y 43.52 | 26.22 |19.49 |10.77 | 62.41 | 37.59 fe 27.95 |15.44 
53 124—4.0300 W 36.65 | 29.07 |21.61 |12.67 | 55.77 | 44.93 |....... dentelisfoctren 32.48 |19.28 
54 bse 86.47 | 28.73 |21.72 |18.08 | 55.94 | 44.06 | Comp. No. 600 |31.31 |20.06 
55 126— a 86.96 | 29.11 |21.55 |12.58 | 55.94 | 44.06 ie, 32.31 |19.04 
56 127— 37.02 | 29.15 |21.25 |12.58 | 55.94 | 44.06 " 32.11 119.01 
57 128—4.0703 W 42.94 31.89 |17.24 | 7.93 7.89 42.60 i wean eswase ates 23.04 {10.60 
58 129— x 89.56 | 80.64 |22.63 | 7.17 | 56.35 | 43.65 | Comp. No. 608 |33.24 |10.21 
59 130— a 42.17 | 32.67 |17.95 | 7.21 | 56.35 | 43.65 a 23.98 | 9.63 
60 131— sh 41.60 | 30.89 |19.88 | 7.68 | 56.39] 42.61 ]...... Se Morass 27.36 |10.59 
61 132— oe 41.97 | 32.51 |17.68 | 7.84 | 56.35 | 43.65 | Comp. No. 608 |23.74 |10.53 
62 1838— 42.82 | 83.24 116.48 | 7.46 | 56.80 | 43.70 |... sccceece see. 21.67 | 9.81 
63 134— Re 41.43 | 382.09 |19.29 | 7.19 | 56.35 | 43.65 | Comp. No, 608 [26.24 | 9.78 
64 135— 41.62 31.43 |19.49 | 7.46 56.98 AO OVEI cates ee Manion as eee 26.68 |10.21 
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TABLE 38 UntTimMatTE ANALYSES OF COAL 
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Ultimate Analyses of Moisture Free Coal 


s 7 
2 iS 22 
i 38 
S) b q $5 5 
be 5 g o q 5 ES 5-H o 
~ S fo) oD bo qi a & Aas 
Ss 2 B bb ° Q a Os & 
u u Pa & mano 
ro) 8 3 i) Bc) | < mugs 
a o si co) iz n oF a8 
- a8 
eau 
ABO 
6) 
1 2 3 4 5 6 7 8 9 
Code Item 37 38 33 40 41 42 
% % % % % % | Chem.Lab. No. 
1 21—4.07038 W 72.92 4.70 9.65 1.22 2.10 9.41 Comp. No. 253 
2 payee) Ue 72.48 4.68 9.59 1.22 2.29 9.74 ey 
3 Piles 72.00 4.95 9.37 1.22 PI) SRD Bncraaacoeso cane 
4 e5— ‘ 72.61 4.68 9.59 1.25 2.10 9.87 Comp. No. 253 
5 2— '' 71.51 4.61 9.47 1.24 2.21 | 10.96 ae 
6 30—5.0602 W 72.51 4.61 8.47 1.35 1.50 | 11.56 | Comp. No. 273 
7 31— “* 73.54 4.64 8.67 1.36 SCH ABO RIO bancamecacaaoode ; 
8 32 73.09 4.65 8.54 137 1.44 | 10.91 Comp. No. 273 
9 34a— Cl 73.40 4.67 8.56 1.38 1.38 | 10.61 ue 
10 Kia Be 73.48 4.68 8,58 1.47 1.49 | 10.30 oe 
il ee 74.37 4.44 9.34 1.35 1.28 (A) ae eee Rise eriern Sono 
12 57—5.0200 W 69.46 4.32 8.76 1.37 1.44 | 14.65 Comp. No. 303 
13 39— 69.81 4.34 8.81 1.39 1.39 | 14.26 | Comp. No. 303 
14 4o— “* 69,46 4.32 8.75 1.36 1.86 | 14.75 hi 
15 4i— ‘' 69.28 4.31 8.73 1.53 1.41 | 14.79 ae 
16 4a—-  "' 69.51 4.33 8.77 1.55 1.37 | 14.47 oi 
17 43—4.0700 W 70.29 4.60 10.50 1.50 2.07 | 11.04 Comp. No. 302 
18 44— <* 70.10 4.60 10.48 1.48 2.15 | 11.19 ve 
19 45— ‘ 72.60 4.76 10.85 1.47 Pils 8.20 np 
20 4e— ‘' 70.80 4.59 9.76 1.19 2.23)" 11543 ol cossetenaeeeete 
21 47—6.0402 W 74.72 4.77 9.08 1.68 1.56 8.19 Comp. No. 304 
22 4g— ‘° 14.77 4.70 9.29 133 1.42 on react tacsiccncoc 
23 49- “ 74.46 4.76 9.04 1.68 1.60 1.60 Comp. No. 304 
24 50— *° 74.39 4.76 9.08 1.68 1,54 1,54 Le 
25 51—5.1610 W 74.39 4.53 9.40 1.35 1.61 8.725 | Sires setae meee 
26 52-— —C tS 73.49 4.99 9.45 ter 1.41 8.95 Comp. No. 502 
27 53—6.0402 W 715.22 4.81 9.14 1.69 1.47 7.67 Comp. No. 304 
28 93—5.1610 W 73.385 4.99 9.44 1.29 13; 9.56 Comp. No. 502 
29 g4— —* 73.66 5.01 9,47 SL 1.41 9.14 “ 
30 9— '* 43.59 5.00 9,47 1,30 1.38 9.26 ue 
31 96—7.1610 W 73.65 5.34 8.83 1.24 1.87 COM y dua area cidarodtete ico 
32 97— “' 71.02 4.58 9.18 2.19 1.19 | 11.89 Comp. No. 519 
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TABLE 38 ULTIMATE ANALYSES OF COAL 


Ultimate Analyses of Moisture Free Coal 


} n 
Zi oRn 
© A Re 
S 36 
: ZF 
fo) a) q q re ial 3 
Z 5 B S g oes oe 
i io) a bt 5 45 a “Oo 2 oC 
S fe = Ss = a a abo m) 
6 a eS eB 5S 3 Bod 
2 6 = z | @ Bae 
= Sic 
AES 
ae 
iS 
1 2 3 4 5 6 7 8 9 
Code Item 37 38 39 40 41 42 
% % % % % % Chem.Lab. No. 
33 98—7.1610 — 71.88 4.62 9.23 1p) 2.79 | 10.27 Comp. No. 519 
34 eo 72.35 4.67 9.31 134 2205) 10625. “ 
35 100— ~~ 73.53 4.74 9.45 1.38 2.09 8.81 Bt 
36 101—— 71.18 4.59 9.15 IPSS peal |) aula! he 
37 102—5.1006 W 74,43 5.04 8.91 1.42 1.36 Ce aN ec ccincrnan oe Onne 
38 iQ 72.97 4.61 9.73 1.45 1.52 9.73 Comp. No. 571 
39 Gy 73.70 4.65 9.83 1.47 1.29 9.06 a 
40 109—  ** 72.60 4.64 9.81 1.46 ince 9.16 ue 
41 110" se 72 44 4,57 9.66 1.40 1.40 | 10.48 oe 
42 112— 43.47 4.63 9.79 1.43 1S 9.45 a 
43 BS Sane 73.44. 4.63 9.73 1.36 tee 9.45 3 
44 We 72.06 4.55 9.60 1.34 ie |) Website} y 
45 115—6.0200 W 70.15 4.48 8.95 1.20 1.61 | 13.61 Comp. No. 587 
46 iar Oe 70,27 4.39 9.36 1.08 1270" | 1S c21 | eee ce eens 
47 117— 70.77 4.41 8.41 1.22 1562 |) 12257 on 
48 ce 70.20 4.38 9,34 |_ 1.21 1.64 | 13.23 a 
49 119— ay 70.81 4.39 9.35 1.21 1.61 13.13 a 
50 120s 69.99 4.37 9.30 | 1.18 | 1.56 | 13.60 o 
5 Wi 69.55 4,33 9.25 1.19 1.69 | 13.99 eS 
52 122— 70.12 4.38 9.32 1.21 1.60 | 13.37 5 
53 124—4.0300 W 66.47 4.47 9.28 Wea 2:45. Sl 16 Aso lets sects eaicetaie eee 
54 125—— i 66.89 4.89 8.47 1.09 2.45 16.71 Comp. No. 600 
55 ee 67.53 4,48 8.55 isu 2.389 | 15.99 = 
56 127— 67.51 4,44 8.55 1.09 2.43 | 15.98 a 
57 128—4.0703 W 97,91 4.69 10.44 1.23 2.15 ODS Scat tanaicen ree 
58 129— a 72.55 4.82 10,33 1.20 1.84 9.26 Comp. No. 608 
59 130— ; 73.00 4,85 10.39 1.25 ae) 8.78 cs 
60 Ii 72.02 5.11 10.25 1.20 1.85 QeBiw | et nnarentane sreetent 
61 ig 72.23 4.80 10.28 | 1.22 | 1.95 | 9.52 | Comp, No. 608 
62 133— 72.83 4.84 10.36 ail 1.83 8.93 ns 
63 St ae 72.84 4.84 10.87 | 1.24 | 1.81 | 8.90 : 
64 135— 72.66 4.77 10.24 1.23 1.83 OPCY eal lneeanisnace cemecdoc 
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VALUES 


TABLE 39 ULTIMATE ANALYSES OF COMBUSTIBLE AND CALORIFIC 


Ultimate Analyses of Pure Coal 


Caloritic Value 
by Oxygen 


fe) a Calorimeter 
o 
5 282 
= ssilelfey : : 
’ a gas aoe! oe 
g 2 2 g a tebe stig | eeole 
iS) a 5p ® sa Aor AS) Pe) 
= 2 ° op 5 qa OD 8 5 on 
ue IS ie ou a cae) 0) o 
8 ss i is =] = ongés roe OS 
2 o st} (o) F Nn ovagr sich aa 
3 ee A See 8 BS 
4 288 ol z o° 
eae) / shoals 
8 
o 
if 2 3 4 5 6 a 8 9 10 
Code Item 37.1 38.1 39.1 40.1 | 41.1 50 51 
{ 
3 =| 
G % % % % | Chem.Lab.No. rey S 
Q ie} 
1 21—4.0703 W 80.49 5.19 10.65 | 1.85 | 2.32 | Comp. No. 253 12906 149247 
2 rei 80.82 5.18 10.61 | 1.35 | 2.54 12883 14273 
3 Of 80.20 5.51 AOA WL BGH I! SAO tee eieusiainicis alelereials 12784 14239 
4 25 ne 80.45 5.19 10.64 | 1.389 | 2.383 | Comp. No. 253 12886 14295 
5 6 80.31 5.18 10.64 | 1.39 | 2.48 ey 12680 14241 
6 30—5.0602 W 82.00 5.22 9.57 | 1.52 | 1.69 | Comp. No. 273 12808 14483 
ai glis= oS 81.92 5.17 OQ GGmlil OMe Marah, seston atetatsrcye. «feterntere 12987 14467 
8 Byte |e 82.05 5.22 9.58 | 1.54 | 1.61 Comp. No. 273 12889 14468 
9 oi i 82.11 5.22 9.59 | 1.54 | 1.54 oy 12941 14477 
10 35— ‘ 81.92 5.22 9.56 | 1.64 | 1.66 A 12975 14465 
11 = 81.92 4.89 LORS LAO lyse eaatnaratey areca fete eiare 13208 14549 
12 37—5.0200 W 81.838 5.06 10.26 | 1.61 | 1.69 | Comp. No. 303 12246 14348 
13 Boe OS 81.42 5.06 10.28 | 1.62 | 1.62 | Comp. No. 303 12339 14391 
14 40-—— 81.47 5.07 10.26 | 1.60 | 1.60 5 12249 14868 
15 oe ey 81,24 5.06 10.25 | 1.80 | 1.65 : ‘ 12230 14353 
16 42- 81.28 5.06 10.25 | 1/81 | 1.60 ‘ 12266 14341 
17 43—4.0700 W 79.01 by ley 11.80 | 1.69 | 2.33 | Comp. No. 302 12717 14295 
18 4 78.93 5.18 11.80 | 1.67 | 2.42 ; ; 12735 14340 
19 ise BS 79.08 5.19 11.82 _|.1.60 | 2.31 y 12735 14340 
20 46n ene 79.94 5.18 LL OZ Aled Sta 2 OV varcttteneterelstaleasyeisiaies 12740 14384 
21 47—6.0402 W 81,38 5.20 9.89 | 1.83 | 1.70 | Comp. No. 304 13327 14516 
22 iia 81.71 5.14 LOPS a | MUTSOm lOO iectemiesheterssctleleters eres 13388 14630 
23 49 81.34 5.20 9.87 | 1.84 | 1.75 | Comp. No 304 13288 14516 
24 50-- 81.39 5.21 9.88 | 1.84 | 1.68 ‘ 13225 14469 
25 51—5.1610 W 81.50 4.96 LOSS Om GUA Se |e Gulltccavercremtetaiestosicrerscvete 13375 14653 
26 5-— Ct 80.71 5.48 10.88 | 1.88 | 1.55 | Comp. No. 502 13201 14499 
a7 536.0402 W 81,47 5.21 9.90 | 1.83 | 1.59 | Comp. No. 304 13391 14503 
28 93—5.1610 W 81.10 5.52 10.44 | 1.48 | 1.51 Comp. No. 502 13122 14509 
29 94— —** 81.08 5.51 10.42 | 1.44 | 1.55 = 13149 14472 
30 9— ‘ 81.10 5.51 10.44 | 1.43 | 1.52 a 13131 | 14471 
31 06751610: 81.00 5.87 ONL SG Ro KOOIal larecsielaviuess + aelsiiererr eu 13251 14573 
eo |) Gy ot 80.60 5.20 10.36 | 1.85 | 2.49 | Comp. No. 519 | 12737 | 14456 
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TABLE 39 ULTIMATE ANALYSES OF COMBUSTIBLE AND CALORIFIC 
VALUES 


Ultimate Analyses of Pure Coal 


Calorific Value 


by Oxygen 
; a Calorimeter 
© a 
a £23 
& 475 1 1 
= 3s a 
aa ag 8 Bo 8 

} Db q qd q u aes Ss a (o) 

A 8 a & 5) So S aioe Oo © 
: g 3 S | 8/4] Bass | so | 32 
fe H & ‘e B a ak =hoe= 38 Sig 
iS) S < a Ray 5 B53 OS ak Sis, 
2 16) a 2) %, n ae 2.8 Bm Bs 
4 8 a8 ae | ae 

alia} $4 [= 

is} - o 

Has © Ay 
ie) 

1 2 3 4 5 6 7 8 9 10 

Code Item 37.1 38.1 39.1 40.1 | 41.1 50 51 
3 5 

ho % Go % % | Chem.Lab.No. rs) + 

faa) ise) 

33 98—7.1610 — 80.10 5.16 10.26: ) 1.35. \ 3.10 Comp. No. 519 12985 14470 

34 99——) es 80.62 5.20 10.87 | 1.53 | 2.28 ae 13057 14548 

AS. | Ot % 80.63 5.21 20-379) Led 2529 x 13127 | 143895. 

36 10i— 80.00 5.16 10.29 | 1.50 | 8.05 a 12842 14436. 

37 102—5.1006 W 81.65 5.53 DET Alco y les 49) |lctatetetelesereteeiaten sioteierete 13152 14427 

83) |04— 80.83 5.10 10.77 | 1.61 | 1.69 | Comp. No. 571 | 13077 | 14487 

39 107— ‘* 81.05 5.11 10.80 | 1.62 | 1.42 3 13159 14470 

40 ig 81.02 taper bt 10.80 | 1.60 | 1.47 Sy 13151 14477 

41 ing oS 80.92 5.11 LO 78 )\ Ti625\ 1557 ee 12969 14487 

42 1i2—- ‘ 91.138 5.12 10.81 | 1.58 | 1.36 : 13062 14425 

43 itge= —<" 81.10 Seid 10.81 | 1.51 | 1.47 <3 12808 14145 

44 byes OS 81.09 5.11 10.80 | 1.51 | 1.48 - 12655 14240 

45 115—6.0200 W 81.20 5.19 LOSSG WABI LS SG ereterrere cscs sielievetefelste 12220 14145 

46 ikea on 80.97 5.06 10.76 | 1.25 | 1.96 | Comp. No. 587 12081 13920 

47 ni 80.94 5.05 10.76 | 1.39 | 1.86 12444 14233 

48 113— , y 80.91 5.04 10.77 | 1.40 | 1.88 12345 14229 

49 ie ; , 80.94 5.06 10.76 | 1.39 | 1.85 ne 12361 14229 

50 120— : 81.00 5.06 1O-765)|\ aden Sh HS 12171 14087 

51 ih ia 80.86 5.04 TONZO | AOE Wi Lod) ve 12156 14133 

52 122 80.94 5.05 10.76 | 1.39 | 1.86 as 12272 14166 

53 124—4.0300 WwW 79.29 5.33 TUOMAS SO POLO Cte ceteris teisien craters 11764 14031 

54 125— i 80.30 5.28 10.17 | 1.31 | 2.94 | Comp. No. 600 11617 13948 

55 126— 80.39 5.27 20.18 | 1.32 | 2.84 ‘ 11766 14005 

56 127— ** 80.35 5.28 10.18 | 1.30 | 2.89 . 11724 13954 

57 128—4.0703 W 79.53 5.19 TL of WE SG: SPS eli ermecre ereeteteee reais 12740 14990 

58 129— : ; 79.96 5.31 11.388 | 1.32 | 2.03 | Comp. No. 608 12893 14210 

59 130— <% 80.03 5.32 11039 | 1.37 | 1.89 "x 12963 14212 

60 131 Pe 79.64 5.65 WU S4: SES Os laccaawteuc eros seis theta 12815 14171 

61 Bp se 79.83 5.380 11.37 | 1.385 | 2.15 | Comp. No. 608 12813 14161 

62 133— 19.97 5.31 11,38: | 1.33: |.2-01 12791 14045 

63 134— 7 79.96 5.31 11.88 | 1.36 | 1.99 ae 12875 14133 

64 135— 79.98 5.25 VIF SO! || Ae BGule on Olmlnaeceeteri ae meee 12910 14229 
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Furnace Conditions During Test 


Fuel Bed 
Fuel at Rear of Grate Wore ARO EISIES Ika an 
_ — Four Hour Fuel Bed eS 
Period go 
Per cent of 2 Sie 
No. |Laboratory File No. ee g Number For 15Min.| 5& 
2 of Times Period a 3 
“a 
z a g KS 
com Ss oo 
ee os eee 
q S 2 eS } rs) 5 q gq AS 
S 5 6) ® a > < 4 = ws) 
cal 5 n © 3 AS ise 
< 4H S 3 
1 2 3 4 5 6 if 9 10 11 12 
| 
Per cent In, | No. | No. Square inches Sq. ft 
i 21— .40703 W 23 50 27 6 ate 2 0 0 0 65.5 
2 23— en 0 42 58 4% il 10) 0 0 0 68.8 
3 24— a: 8 48 44 9% 1 0 0 0 0 67.9 
4 25— a 0 32 68 3 1 0 0 0 0 53.7 
5 26— ra 0 es 93 3% 1 0 0 0 0 101.2 
6 30—5.0602 W 0 20 80 4 i 0 0 0 0 toed 
7 = se 8 0) 92 2 i 0 0 0 0 82.9 
8 32— rt (0) 47 Do 3% 1 0 0 0 0 59.0 
9 34— oe 0 48 52 8 il 0 0 0 0 50.9 
10 35— et 4 48 48 4% 1 0 0 0 0 42.4 
11 36— ve 4 48 48 4% 1 0 0 0 0 49.1 
12 37—5.0200 W 10 90 0 0 0 16 210 300 0 72.1 
13 39— i 5 20 "5 a 0 6 100 300 0 53.1 
14 40— eS 0 15 85 6% 0 15 150 400 | 150 64.0 
15 41— a 0 5 CBr 0 8 300 600 0 124.0 
16 42— is 0 5 95 8 0 9 100 400 0 128.4 
17 43—4.0700 W 5 25 70 5 il site 0) 0 0 70.4 
18 fie OP 8 3 89 6 1 0 0 0 0 72.4 
19 45— ee 0 0 100 3% 1 0 0 0 0 92.4 
20 eG ee 3 0 97 3 1 0 0 0 0 62.1 
21 47—6.0402 W 10) 0 100 4 1 30 0 0 0 51.0 
22 48— ; : 0 0 100 3 1 20 0 0 0 40.7 
23 49-- 0) 12 88 3 1 20 0) 0 0 Dod 
24 50— ps 0 20 80 4 1 0 0 0 76.4 
25 51—5.1610 W 0 64 36 4 1 8 0 0 0 46.9 
26 52—— a 0 40 60 5 1 8 0 0 0 50.0 
27 53—6 .0402 W 0 12 88 5% 1 8 0. 0 0) 50.0 
28 93—5.1610 W 10) 0 100 3% 1 6 0) 0) 0 40.2 
29 94— ve 0 0 100 3% 2 6 3 100 0 46.8 
30 = 0 0 100 4 2 6 0 0 0 58.3 
31 96--7.1610 — 0 0 100 3% 4 12 6 200 0) 55.0 
32 i= 0 0 100 3% 4 10 0 0 0 43.1 
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TABLE 40 FURNACE CONDITIONS 


(Concluded) 


Furnace Conditions During Test 


Fuel at Rear of Grate page oe Area of Holes in st 
Four Hour Fuel Bed i 5 
Period Hg 
Per cent of ® Ste 
; Time Ss : aS 
No. |Laboratory File No. ie Number For 15 Min. oa 
2 of Times Period ra ss 
By, SAE S| art 
Qa S te e Aa 
& eS) 
e/g e |&0le | 5 5 B |) 88 
ald OM) ee tele SW ei; tae Ble esi 
g |e S) fe = 5 cI S a 
< 4 SI >| 
I 
1 2 3 4 5 6 7 8 9 10 11 12 
Per cent In. | No. | No. Square inches Sq. ft 
33 98—7.1610— 0 0) 100 3% By ial 0 0 0 40.8 
34 99— fae 0 0) 100 4 3 7 10) 0 0 50.5 
35 100— mr 0 0 100 414 1 7 0 0 0 5d73. 
36 101—= ie 0) 6 94 3 2 if 0 0 0 61.4 
37 102—-5.1006 W 0 0) 100 4 2 9 0 0 0 55.4 
38 104— a 0 0) 100 4 3 8 0 0 0 52.8 
36 107— me 0 0) 100 38% 3% 11 0 0 0 42.8 
40 109-- oa 0 0) 100 3% 3% 12 0 0 0 38.3 
41 1O== i 0) 0 100 4 2 12 0 0 0 55.7 
42 Pee pr (0) 0 100 3% 2 11 0 0 0) 45.0 
43 Lis— : 0 0 100 3% 1 12 0 0 = "0 56.7 
44 114— 2 0 0 100 3% 2 12 10.5 200 0 68.7 
45 115-6 .0200 W 0 0 100 5 0 18 22.0 500 (0) 85.7 
46 116—— a 0 0) 100 4% 1 17 0 0 0 55.9 
47 tii 7 0 0 100 414 1 18 0 0 0 44.6 
48 118-- . 0 0 100 Sale 17 0 140 0 bane 
49 119— pe 0 0 100 434 1% 16 2 50 0 44.4 
50 120— ay 0 0) 100 4 1% 15 2 50 0 63.0 
51 ii e 0 0 100 436 1% 17 2 50 0 62.1 
52 122— y 0 0 100 4 2 22 0 0 0 64.3 
53 124—-4.0300 W 0 0 100 4 1 16 0 0 0 87.8 
54 125— ri 0 0 100 44 1 15 0 0 0 69.6 
55 126— - 0 0 100 3% 1% 18 0 0 0 86.6 
56 127— oe 0) 0 100 344 2 21 0 0 0 89.3 
57 128—4.0703 W 0 0 100 4 1 13 0) 0 0 69.2 
58 Ps ONS 0 100 | 4 1%| 6 0 (Obs | sO) ese: 
59 130— a 0 0 100 4% 2 8 1.6 50 (0) 517) 
60 Roe Boe 0 | 0 100 | 4 1% | 10 0 0 | 0 | 59.8 
61 Ley 0-| 0 100 | 4 1 10 0 | 0. | 64.5 
62 133=— 0 0 100 44] 1 11 0 0 0 85.3 
63 134— : ‘ 0 0 100 3% 2 12 0) 0 0 82.8 
64 1385— 0 0 100 3% 2 Ws 0 (0) 0 38.7 


Hote. 


